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1.0 Introduction

1.0 Introduction

The United States Court of Appeals, 10th Circuit remanded the Legacy Parkway
Final Environmental Impact Statement (FEIS) for additional consideration of the
following:

1. TheDenver & Rio Grande (D&RG) regiona alignment as an alternative
Alternative sequencing of the Shared Solution

Integration of the Legacy Parkway and transit

Impacts to wildlife

Practicability of a narrower right-of-way (ROW)

a b D

This Technical Memorandum has been prepared to present detailed information
to be considered by the U.S. Army Corps of Engineers (USACE), the Federal
Highway Administration (FHWA), and the Utah Department of Transportation
(UDOQT) related to the Court’s ROW findings. Specifically, this memorandum
presents information regarding the components of the ROW brought into
guestion in the Court’ s decision—the proposed median and buffer area—with
respect to planning, design, and environmental criteria. Separate technical
memoranda have been developed for consideration of the other above issues
raised by the Court.

1.1 Organization of the Technical Memorandum

Section 1.0, Introduction, summarizes the Court’ s findings to provide the context
for the information on the ROW presented in this Technica Memorandum;
Section 2.0, Approach, presents the methodol ogies employed to gather data and
evaluate the issues raised by the Court; and Section 3.0, Results of the Analysis,
presents information on and assessment of ROW issues raised by the Court for
consideration by the USACE, FHWA, and UDOT.

1.2 Summary of Circuit Court Findings

1.2.1 Median Width

December 2004

The Court’ s remand identified several issues related to the USACE' s evaluation
of the proposed median width of the Legacy Parkway project and the Clean
Water Act (CWA) Section 404 permitting process, ultimately concluding that
“...the USACE failed to assess rationally whether a narrower median is
practicable, thereby rendering the issuance of the permit arbitrary and capricious
onthisbasis’ (UDOT 2000, Appendix I, “ Section 404(b)(1) Evaluation,” p. 66).

Right-of-Way Issues
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The key concernsidentified by the Court in supporting their finding regarding
median width are discussed below.

The FEIS did not provide a clear rationale for selecting the median width used
for the ROW.

The USACE’ s 404(b)(1) Evaluation Report (the Report) notes the considerations
for the proposed median width, concluding that a narrower median is not
practicable. The reasons stated in the Report are:

e Thevisua impact of unsightly concrete barriers.

e Thehazard created by a concrete barrier required in narrower medians.
e Thewater quality mitigation functions of the vegetated median.

e The public preference for a parkway-type facility.

e Failureto include the median would be inconsistent with mitigation
proposed in the Final Environmental Impact Statement (FEIS).

e Failureto include the median would be inconsistent with local land use
plans, which have included the project as a parkway-type facility.

However, the Court notes that the Report also includes the note that the “median
width is aso necessary to accommodate the possible addition of two lanesin the
median (as presented in Section 2.2.1 of the FEIS)...” and that this
acknowledgment “...undercuts the conclusion that anything less than a 65.6-foot
median isimpracticable for this four-lane highway.” The Court concludes that
the safety-based rationale for the median width, as presented in the Report, is
“...amorphous and brought into question by [this] note.”

The Court’ s findings regarding the above issue lead to the statement: “It is not
clear whether a median of less than 65.6 feet requires a concrete barrier or only
medians narrower than the average require concrete barriers. The width under
which concrete barriers are needed is not quantified.”

The FEIS did not evaluate the practicability of alternative water quality control
methods.

The FEIS states that the vegetated median serves awater quality functionin
addition to safety and design considerations. If the additional travel lanes noted
initem 1 above were eventually proposed, replacement of the water quality
functions of the vegetated medians would be required. The Court concludes that
thisimplies that there are other methods of water quality control other than a
“large vegetated median,” and that thereis*“...no evidence that the USACE
considered whether a substitute water quality control method was practicablein
the context of a narrower median.”

Right-of-Way Issues
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The FEIS did not clearly support the finding that the Preferred Alternative isthe
least environmentally damaging practicable alternative.

The Court notes that part of the justification for awider median presented in the
Report included “...explaining why a package including several amenities would
be desirable to various interests.” For the purpose of this evaluation, these
“amenities’ that justify the wider median are assumed to be avoiding the visual
impacts of abarrier and the stated objective of developing a parkway-type
facility. The Court notes, “The CWA test is not, however, whether features of a
proposal would make a more desirable project. Rather the Applicant and the
USACE are obligated to determine the feasibility of the least environmentally
damaging alternative that serves the basic project purpose. If such an alternative
exists—like a highway configuration with a much narrower median because it
dispenses with amenities—then the CWA compels that the aternative be
considered and selected unless proven impracticable.”

1.2.2 Berm and Utility Corridor

December 2004

The Court stated in its opinion that “no reason is given in the USACE's ROD
[Record of Decision], Section 404(b)(1) Evaluation Report or permit for why a
ROW without a berm and utility corridor was not practicable.... Additionally, no
explanation is given for why the ROW must be 330 feet [wideg] for the entire 14
miles of the Legacy Parkway since the berm which isto be 33.1 feet [widg] isto
run for only 3.2 miles.” The opinion concludes that, since the purpose of the
Legacy Parkway isto accommodate future transportation needs of the North
Corridor, the berm and utility corridor are considered to be “...merely incidental
to the Applicant’ s basic purpose.” The Court found that the failure of the USACE
to demonstrate whether a ROW without a future utility corridor or berm would
be impracticable rendered the issuance of the permit arbitrary and capricious.

Right-of-Way Issues
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1.2.3 Trail

With regard to challenges to the trail component of the ROW, the Court stated in
its opinion that “the [USACE] reasonably concluded that removing the trails was
not practicable in light of the project’s overall purpose of meeting the
transportation needs of the North Corridor in 2020; thus, the issuance of the
permit is not arbitrary and capricious on this basis.”

This determination was based on the following:

In the 404(b)(1) Evaluation, the [USACE] stated that the following issues
were considered concerning the trail portion of the project when project
features were analyzed to determine if a narrower ROW was practicable:

e Mesetings were held with trail interestsin which it was determined that
there was a need for atrail system in the Legacy Parkway to continue
the Jordan River Trails,

e The1998 MIS [Major Investment Study] stated that there was a need
for a pathway system for pedestrians, bicycle-riders, and equestriansin
the study area;

e Many people expressed the belief that atrail system was needed for use
as an aternative means of transportation;

e Failuretoinclude atrail in the project would be inconsistent with
decisions made during and in response to the NEPA [National
Environmental Policy Act] process,

e Failureto include the trail would eliminate a benefit that has been
identified as needed in the context of public interest;

e Failureto include the trail would be inconsistent with the local land use
plans for the majority of citiesin the study area.

1.3 Background and Explanation of the Final EIS Preferred
Alternative and Alternative E ROW Width, Footprint, and
Related Wetland Impacts

December 2004

This section summarizes the relationship between the Legacy Parkway’s
Preferred Alternative ROW width, the actual facility footprint, and related
wetland impacts that are at issue in the Court’ s decision and the USACE’s
Section 404 permit decision under the Clean Water Act. For more information
regarding the ROW and the facility footprint, see Section 3.2, Relationship
between ROW Characteristics, Facility Footprint, and Wetland Impacts.

The Legacy Parkway Final Environmental |mpact Statement and Clean Water
Act 404(b)(1) evaluation both assumed that all wetlands within the proposed 100

Right-of-Way Issues
Legacy Parkway Technical Memorandum 4
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m (328 ft) ROW (about 114 acres total) would be filled. The rationale for this
ROW width is explained in Section 3.1, Legacy Parkway Right-of-Way.

To determine the wetland impacts from the Legacy Parkway alternatives
analyzed in the FEIS, the area of wetlands within the ROW was estimated using
a geographic information system (Gl S)—based approach. During the project’s
planning phases, wetlands in the project area were mapped using existing data,
remote sensing, and field surveys. These wetland data were integrated into a
regiona GISlayer of the project area. Alternatives alignments (assuming a 100
m [328 ft] ROW width and including interchange areas) were overlain on the
wetlands mapping to estimate the area of wetlands within a given alignment.
Using this approach, the Legacy Parkway project team determined that the
Preferred Alternative ROW (100 m, or 328 ft) included about 114 acres of
wetlands (based on preliminary design).

To ensure that the roadway facility could be constructed anywhere within the
ROW limits, UDOT requested the Clean Water Act Section 404 permit for the
entire ROW, and the FEIS and the USACE’ s Clean Water Act 404(b)(1)
evaluation assumed that all 114 acres of wetlands within the proposed 100 m
(328 ft) ROW would befilled. This determination was based on the 15% plans
that were developed for the impact analysis, not on afinal design. The 15% plans
are routine for purposes of pre-decision environmental analysis and, after
decision the design-build contractor (the * design-builder”) uses the 15% plans as
a basis to complete the final design. However, the actual impacts to wetlands
from the proposed project would be less than the 114 acres permitted due to
design flexibility (the ability to adjust the position of the Legacy Parkway facility
within the ROW to avoid wetlands) and the fact that the facility’ s footprint would
not occupy al of the ROW. The USACE understood this, and the 404 permit that
it granted for the project stipulated that, for final design, the designer should try
to minimize impacts within the ROW." These factors are discussed in detail in
Section 3.0, Results of the Analysis.

Following the Record of Decision, a design-build contract was awarded for final
design and construction of the Legacy Parkway. In compliance with the 404

! Regarding wetland impacts discussed in this report, there is an important distinction between the ROW width and
the footprint of the facility. The ROW is the width required to accommodate the typical section of the proposed
Legacy Parkway. The footprint is that portion of the ROW that contains the facility’ s components and, in many
locations; it does not occupy the entire ROW width. The footprint can be viewed as the “impact area” associated
with the facility. The ROW width and typical section and their implications for addressing the Court’s remand are
discussed in detail in Section 3.0, Results of the Analysis.

December 2004
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1.0 Introduction

permit, the final design that was developed before the injunction identified areas
within the ROW where wetlands would be avoided. The design-builder made
adjustments in the design to avoid impacts to wetlands while still complying with
design standards. Using the Gl S-based method described above, the design-
builder determined that 14 acres of the original 114 acres of wetlands identified
in the 404 permit could be avoided during construction. Therefore, under the pre-
injunction design for the FEIS Preferred Alternative (with 2100 m ROW, or 328
ft), only 100 of the 114 acres of wetlands within the ROW would actually be
impacted. For analysis purposes in this Technical Memorandum, the “baseline’
level of wetland impacts for the FEIS Preferred Alternative ROW was assumed
to be about 100 acres.

The 14 acres identified by the design-builder in the pre-injunction design are
located primarily in the interchange areas. Because these interchange areas do not
change as aresult of a narrower ROW,? the ability to avoid impacts to wetlands
in these areas is the same for all alternative ROWSs looked at in this Technical
Memorandum. Section 3.0, Results of the Analysis, and Table 3-3, Wetland
Impacts for Alternative ROW Widths, identify this 14 acre reduction of actual
wetland impacts for all narrower ROWSs presented in this memorandum.

In October 2003, after publication of the FEIS, UDOT updated its standard
drawings with a narrower median than what was used for the FEIS Preferred
Alternative. UDOT is continually evaluating its roadway geometric standards
based on ongoing research and analysis. Based on its own evaluation, UDOT
decided to use the current AASHTO standard. Following these standards lets
UDOT incorporate new innovations into its roadway projects with each new
edition of AASHTO's“ Green Book,” A Palicy on the Geometric Design of
Highways and Stireets (AASHTO 2001). Therefore, the current standards
reference AASHTO.

The updated standard reduced the median width from 20 m (66 ft) to 15 m (50
ft). This narrower median changes the width of the Legacy Parkway ROW from
100 m (328 ft) to 95 m (312 ft). The 95 m (312 ft) cross-section is now being
referred to as Alternative E; this is consistent with the terminology used in the
Supplemental EIS. To reflect this change, the cross-section for the proposed
project was adjusted around the centerline of the FEIS Preferred Alternative to a
width of 95 m (312 feet).

2 The design of the interchanges is based on the area needed to accommodate the ramps that connect to the roadway,
not the ROW of the roadway itself.

Right-of-Way Issues
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To provide a comprehensive eva uation of the ROW widths, this Technical
Memorandum presents an analysis of the components for the original FEIS 100
m (328 ft) ROW, the updated 95 m (312 ft) ROW (Alternative E), and several
other narrower ROW options. All alternative ROWs in the Technical
Memorandum are located along the proposed alignment for the FEIS Preferred
Alternative.

It should be noted that UDOT has purchased much of the property that lies within
the 100 m (328 ft) ROW associated with the FEIS Preferred Alternative. UDOT
would continue to retain ownership of the property within this area, athough the
proposed ROW width now requires only 95 m (312 ft). UDOT will evaluate the
property that was purchased to determine if the transportation need would require
them to retain the property in the larger ROW. Property that is not needed could
be sold, transferred, or retained by UDOT.

Right-of-Way Issues
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2.0 Approach

As noted in Section 1.0, Introduction, the purpose of this Technical
Memorandum is to provide detailed information on the proposed L egacy
Parkway ROW with regard to the criteria used by the agencies to evaluate the
Legacy Parkway alternatives under the National Environmental Policy Act
(NEPA) and Section 404 of the CWA.

The criteria considered in this Technical Memorandum were:
e Median width and median barrier—related criteria:

o UDOT design standards and nationwide guidelines (for example,
guidelines published by the American Association of State Highway
and Transportation Officials[AASHTQ]). UDOT standards are the
minimum acceptable design standards. UDOT standards were
developed using federal standards (AASHTO) asaguide. The loca
standards are based on safety, local weather conditions, maintenance
needs, and professional engineering judgment specific to the area of
study.

o Direct wetland impacts.

o Sdfety.

o Water quality impacts.
e Buffer’ criteria

o Sdfety.

o Wetland impacts.

3 «Buffer” isused in this technical memorandum to refer to the area between the roadway and the multi-use
recreational trail. This area provides a buffer between the roadway’ s clear zone outside the travel lanes and the trail.
The areais more appropriately referred to as a buffer area, rather than a“berm” or “future utility corridor,” asitis
referred to in other documents.

Right-of-Way Issues
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The process of compiling and analyzing the information presented in this
Technical Memorandum was initiated by re-evaluating existing documentation of
the Legacy Parkway environmental process, State of Utah and national standards
and guidelines for roadway design, and current research on roadway design. The
following approach was used in preparing this Technical Memorandum:

1. Review Existing Project Documents and Processes

Review planning and engineering activities that resulted in the proposed
project.

Review existing environmental documentation including but not limited
to the FEIS, the Records of Decision issued by FHWA and USACE, and
the USACE’ s 404(b)(1) Evaluation Report and permit.

Consider project-related changes since the environmental documents
were issued and work completed before the Court’ s injunction, including
actual impacts associated with completed construction within the ROW.

2. Review Relevant Research and Data

Research and review planning and design standards for facilities similar
to the Legacy Parkway. Review recent research on the design of
roadways, trails, and other elements, particularly with respect to planning
factors and criteria.

Review highway safety data and research.

3. Assess ROW Components with Respect to Planning Factors

Coordinate with USACE, UDOT, FHWA (collectively, “the agencies’),
and other agency and consultant staff as appropriate regarding planning,
design, and environmental compliance activities.

Evaluate the median width, median barrier, and buffer-related concerns
expressed in the Court’ s decision. Where appropriate, develop and assess
aternate ROW scenarios for the agencies’ evauation.

4. Document the Findings

Based on the above steps, address the issues raised in the Court’s
findings by documenting steps already taken by the agencies and steps
taken by the agenciesin response to the Court’ s findings.

Document findings in a Technical Memorandum that will be used by the
agenciesin their re-evaluation/Supplemental Environmental |mpact
Statement.

Right-of-Way Issues
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3.0 Results of the Analysis

3.1 Legacy Parkway Right-of-Way

The FEIS, the USACE’ s 404(b)(1) Evaluation Report, and the FHWA and
USACE' s Records of Decision present summary descriptions of the proposed
Legacy Parkway ROW and the planning, engineering, and environmental
considerations that went into developing the ROW. A brief summary of the
components of the ROW is presented below, including the dimensions of each
component and the rationale for including them. The specific information related
to the agencies’ consideration of median width and the “buffer ared’ is presented
in Section 3.3, Median Width Considerations, and Section 3.4, Berm/Buffer
Area, Trail, and Utility Corridor Considerations.

On May 16, 2002, the Legacy Parkway was designated a Utah State Scenic
Byway. The Legacy Parkway as designed was devel oped to provide views of the
Great Salt Lake with amenities that enhance the route, such as landscaping and
trail facilities. FHWA developed apolicy for National Scenic Bywaysin
response to the Intermodal Surface Transportation Efficiency Act of 1991
(ISTEA). To be designated a National Scenic Byway, a highway must
significantly meet at least one of six scenic byway criteria: scenic quality, natural
quality, historic quality, cultural quality, archeological quality, and recreational
quality. The Legacy Parkway meets four of the six criteria: scenic, recreational,
natural, and cultural.

Many factors are considered in the planning and design of roadways. These
factorsinclude operational, environmental, engineering, community, economic,
and safety considerations. These factors can sometimes conflict with each other,
and transportation and regulatory agencies must carefully evaluate the relative
benefits and drawbacks associated with these multiple factors when making
decisions about transportation facilities. For example, the amount of ROW
required to meet capacity and safety objectives (such as the number of |anes,
median width, etc.) may cause environmental impacts or pose engineering
challenges. Section 2.0, Approach, presents the criteria considered in the analysis
of the Legacy Parkway ROW.

Right-of-Way Issues
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3.0 Results of the Analysis

3.1.1 Cross-Section Right-of-Way Components

This section describes the cross-section used in the FEIS and the updated cross-
section. The Legacy Parkway as proposed is a high-speed, controlled access

roadway with an average daily traffic greater than 20,000 vehicles per day.

Cross-Section for the FEIS Alternative

The FEIS proposed a 100 m (328 ft) ROW width. Figure 3-1 and Figure 3-2
below present the cross-sections of the FEIS Preferred Alternative with and
without the proposed berm. These figuresillustrate the individual components

that make up the ROW presented in the FEIS.
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Figure 3-1. FEIS Preferred Alternative Cross-Section with Berm
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Figure 3-2. FEIS Preferred Alternative Cross-Section without Berm

Since the publication of the FEIS, UDOT has revised the standard drawing used
to develop the roadway cross-section for the Legacy Parkway. Based on its own
evaluation, UDOT has decided to follow the roadway geometric standardsin
AASHTO’ s Green Book (2001) because these standards are continually being
researched and improved. Following these standards lets UDOT incorporate new
innovations into its roadway projects with each new edition of the Green Book.

The new standard drawing, DD 4 (Appendix A), changes the widths of the
median and the outside shoulder. The previous standard drawing required a20 m
(66 ft) median. The updated standard drawing directs the designer to use
AASHTO guidance to determine the median width. The previous shoulder width
was 3 m (10 ft), which was increased to 3.6 m (12 ft). This change does not affect
the overall ROW width because it occurs within the clear zone.

Cross-Section for Alternative E

Due to the change in UDOT standards, a new updated cross-section was
developed and analyzed. The revised ROW width is shown below in Figure 3-3
and Figure 3-4. The change in the median width reduced the overall ROW width
by 5 m (16 ft). The new ROW width that is analyzed is 95 m (312 ft). This
reduction in the median width was applied symmetrically around the centerline
of the FEIS Preferred Alternative.
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3.0 Results of the Analysis

The cross-sections shown above in Figure 3-3 and Figure 3-4 represent the
maximum ROW width that would be needed to construct the Legacy Parkway
facility. The actual width of the facility varies within that ROW width. The
actual width of the facility isreferred to as the footprint, which is the area that
would be directly impacted by permanent highway infrastructure. The natural
ground of the project area controls the fill height and thus the width of the
footprint. The fill height refersto the typical height of the roadway above the
existing grade. (The cross-sections above show the ROW component dimensions
where 2 m [6.6 ft] of fill would be required, which is the average amount of fill
required throughout the alignment.) Since publication of the FEIS, the design-
builder determined some areas where fill height could be reduced to less than
1.5m (5ft). Thisreductionin fill could reduce wetland impacts in these areas
because of the smaller footprint.

The side slopes outside the clear zone can vary between 1:6 and 1:3 (maximum),
based on the height of the fill. UDOT’s side slope requirements are 1.6 for fill
heights up to 1.5 m (5 ft), 1:4 for fill heights between 1.5 m (5 ft) and 3.0 m

(10 ft), and 1:3 for fill heights above 3.0 m (10 ft). UDOT’ s design standards do
not allow aroadway side slope steeper than 1:3 due to safety and maintenance®
reguirements.

In areas where the natural ground is higher, lessfill would be needed, and the
footprint would be narrower. Where the natural ground is lower, more fill would
be needed, and the footprint would be wider. Figure 3-6 below shows both the
minimum and maximum cross-sections. The maximum height of fill that can be
accommodated within the 95 m (312 ft) ROW without using wallsis 6.5 m
(21.4 ft). The minimum height of fill that can be used while allowing for cross
pipesis 1.0 m (3.3 ft).

* Maintenance and access need to be provided along the entire length of the project. When this area (side slope to
ROW line) is outside of the clear zone, work and maintenance can be performed without lane closures or safety
hazards caused by persons or equipment within the roadway clear zone. Maintenance activities include, but are not
limited to, weed control, brush cutting, vegetation control, wall maintenance, landscape maintenance, fence repair,
ditch clean-out, erosion control/repair, and utility services.

December 2004
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Figure 3-5. Minimum and Maximum Cross-Section within 312 ft ROW

The proposed ROW width allows variations in the horizontal alignment of the
facility. This design flexibility in the horizontal alignment of the facility allows
the designer to avoid impacting additional wetlands within the ROW 1n specific
areas of concern. As part of the initial construction of the Legacy Parkway, the
design-builder developed a list of wetlands within the ROW to be avoided.” The
results of this design-builder’s final design with respect to actual wetland impacts
are discussed in Section 3.2, Relationship between ROW Characteristics, Facility
Footprint, and Wetland Impacts.

The proposed project was set up using a design-build approach. This approach
provides preliminary plans to the design-builder, who can then use these plans as
a basis for developing the final design. As part of the design-build contract, the
designers were encouraged to determine locations where they can further
minimize impacts to wetlands within the ROW. Section 3.2.3, Alternative ROW
Widths, further discusses this flexibility and how it gives the designers and
contractor the flexibility to evaluate the design both in the field and in the office
so that they can minimize overall environmental impacts to the greatest extent

possible. There are other contracting methods available, such as design-bid-

* UDOT proposed a design-build approach for project delivery. This approach allowed UDOT’s design-builder to

refine the basic design {on which the environmental compliance documents were based) to firther mimimize the

anticipated impacts of the project.

December 2004
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3.0 Results of the Analysis

build.® A contracting method for the future Legacy Parkway design and
construction has yet to be determined.

Table 3-1 and Table 3-2 below present the updated L egacy Parkway ROW
components and the dimensions and design standards used to devel op the typical
roadway section (with and without berm) for the Legacy Parkway build
alternatives.

® With design-bid-build project delivery, the final design is complete before the project is opened up for bidding.
Once the bidding is complete, a contractor is selected to build the project.

December 2004
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3.0 Results of the Analysis

Table 3-1. Legacy Parkway Roadway Cross-Section (with Berm) Components and Dimensions

Component Dimension, Standard/
(Left to Right) m (ft) Reference Notes
Side slope to 16 m (53 ft) uUDOT" Area required to safely transition from clear zone
ROW line to existing grade and for flexibility to avoid critical
natural resources during construction.
Side slope varies, but depends on height of
embankment—1:6 for fill heights less than 1.5 m (5
ft), 1:4 for fill heights 1.5 m (5 ft) to 3 m (10 ft), and
1:3 for fill heights above 3 m (10 ft)—and would
meet UDOT minimum requirement for maintenance
and access.
Clear zone 9 m (30 ft) AASH'lI)'Oa’ ° “Clear zone” is the unobstructed area beyond the
(includes uboOT edge of the traveled way that allows for recovery of
shoulders) errant vehicles.
Area includes 3.0 m (12 ft) paved (outside) shoulder.
1:6 maximum slope.
Travel lanes 7 m (24 ft) UDOT?, Provides two southbound, 3.7 m (12 ft) travel
(southbound) AASHTO? lanes.
Median 15 m (50 ft) UDOT®, AASHTO® Provides safe separation distance for opposing
travel lanes.
Includes 1.2 m (4 ft) paved (inside) shoulders.
UDOT’s standard follows AASHTO? (15 m [50 ft]).
AASHTO’s recommended range is 15 m to 30 m
(50 ft to 100 ft).
Travel lanes 7 m (24 ft) AASHTO?, Provides two northbound, 3.7 m (12 ft) travel
(northbound) uDOT" lanes.
Clear zone 9 m (30 ft) AASHTO™ ¢, “Clear zone” is the unobstructed area beyond the
(includes uboT edge of the traveled way that allows for recovery of
shoulders) errant vehicles.
Area includes 3.0 m (12 ft) paved (outside) shoulder.
1:6 maximum slope.
Berm/buffer area 27 m (84 ft) AASHTO, safety, Buffer width based on height of berm (2.7 m [9 ft]
visual screening, to provide screening). Berm side slopes (1:2
noise attenuation maximum) meet UDOT standards for maintenance.
Berm location: East side between 500 South and
Porter Lane; west side between Glover's Lane and
State Street.
Berm length: 5.1 km (3.2 mi) of overall alignment.
Trail 5m(17ft)  AASHTO! Provides a 2.4 m-wide (8 ft-wide) paved

bicycle/pedestrian path with adjacent 1.8 m-wide (6
ft-wide) unpaved equestrian trail. There would be
0.9 m (3 ft) between the trail and ROW line.

Total ROW width

95 m (312 ft)

# AASHTO 2001 (A Policy on the Geometric Design of Highways and Streets)
® UDOT Standard Drawing DD 4

¢ AASHTO 2002 (Roadside Design Guide)
AASHTO 1999 (Guide for Development of Bicycle Facilities)

d
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3.0 Results of the Analysis

Table 3-2. Legacy Parkway Roadway Cross-Section (without Berm) Components and Dimensions

Component Dimension, Standard/
(Left to Right) m (ft) Reference Notes

Side slope to 16 m (53 ft) uDoT’ e Area required to safely transition from clear zone

ROW line to existing grade and for flexibility to avoid critical

natural resources during construction.

o Side slope varies, but depends on height of
embankment—1:6 for fill heights less than 1.5 m (5
ft), 1:4 for fill heights 1.5 m (5 ft) to 3 m (10 ft), and
1:3 for fill heights above 3 m (10 ft)—and would
meet UDOT minimum requirement for maintenance
and access.

Clear zone 9 m (30 ft) AASH'lI)'Oa’ 5, o “Clear zone” is the unobstructed area beyond the

(includes uboOT edge of the traveled way that allows for recovery of

shoulders) errant vehicles.

e Areaincludes 3.0 m (12 ft) paved (outside)
shoulder.

e 1:6 maximum slope.

Travel lanes 7 m (24 ft) AASHTO?, e Provides two southbound, 3.7 m (12 ft) travel

(southbound) uDOT® lanes.

Median 15 m (50 ft) UDOT®, AASHTO® o Provides safe separation distance for opposing

travel lanes.

e Includes 1.2 m (4 ft) paved (inside) shoulders.

e UDOT'’s standard follows AASHTO? (15 m [50 ft]).

e AASHTO's recommended range is 15 m to 30 m
(50 ft to 100 ft).

Travel lanes 7 m (24 ft) AASHTO?, e Provides two northbound, 3.7 m (12 ft) travel

(northbound) uDOT" lanes.

Clear zone 9 m (30 ft) AASH'bFOa’ ° e “Clear zone” is the unobstructed area beyond the

(includes uboT edge of the traveled way that allows for recovery of

shoulders) errant vehicles.

e Areaincludes 3.0 m (12 ft) paved (outside)
shoulder.

e 1:6 maximum slope.

Buffer area 26m (81fty  AASHTOY safety, e Buffer area provides safe separation between
visual screening, vehicle traffic on the parkway and pedestrians,
noise attenuation bicyclists, and equestrians on the trail.

Trail 6 m (20 ft) AASHTO" e Provides a 2.4 m-wide (8 ft-wide) paved

bicycle/pedestrian path with adjacent 1.8 m-wide (6
ft-wide) unpaved equestrian trail. 0.9 m (3 ft)
between buffer and trail and 0.9 m (3 ft) between
trail and ROW line.

Includes 1 m (3.3 ft) trail fill slope where there is no
berm.

Total ROW width

95 m (312 ft)

# AASHTO 2001 (A Policy on the Geometric Design of Highways and Streets)
® UDOT Standard Drawing DD 4

¢ AASHTO 2002 (Roadside Design Guide)
AASHTO 1999 (Guide for Development of Bicycle Facilities)

d
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3.0 Results of the Analysis

December 2004

In general, the components of the ROW presented above in Table 3-1 and Table
3-2 are based on UDOT’ s design standards (UDOT Standard Drawing DD 4; see
Appendix A), which arein turn based on national standards and generally
accepted engineering and design practices for roadway facilities, typically from
AASHTO. This section describes each component in the same order they were
presented in Table 3-1 and Table 3-2.

Side Slopeto ROW Line

Side slope varies, but depends on the height of the embankment—21.:6 for fill
heights lessthan 1.5 m (5 ft), 1:4 for fill heights 1.5 m (5 ft) to 3 m (10 ft), and
1:3for fill heights above 3 m (10 ft)—and would meet UDOT minimum
requirement for maintenance and access.

Clear Zonesand Trave Lanes

Dimensions of the travel lanes and clear zone follow UDOT’ s design standards.
UDOT’ s design standards provide fixed-dimension widths or direct the designer
to use AASHTO guidance.

Median Width

The median width is consistent with the guidelines of AASHTO’ s Green Book
(2001) and AASHTO' s Roadside Design Guide (2002), which together provide
nationwide industry standards and guidance on the design and operation of
roadways. These guidelines encourage designs tailored to particular settings or
contexts. The Roadside Design Guide presents information on the latest state-of-
the-practice in roadside safety, which is based on accident and research studies.
The Green Book provides guidance by referencing a recommended range of
valuesfor critical dimensions. AASHTO'’ s recommended range for open medians
on rural freewaysis 15 to 30 m (50 to 100 ft). UDOT selected a 15 m (50 ft)
median due to safety concerns and traffic volumes.

The median is not intended to provide space for future travel lanes (see Section
3.3.1, Future Travel Lanes).

Berm

The berm height is designed to visually screen the roadway (see Section 3.4.2,
Visual and Acoustic Buffering) from a person outside the roadway corridor
(either on the trail or outside the ROW). The width used for the berm was
developed using a height of 2.7 m (9 ft) and UDOT standards for side slopes (1:2
maximum non-roadway side slope). The standards for non-roadway side slopes
are based on requirements for slope stability and maintenance. The bermisloca

Right-of-Way Issues
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3.0 Results of the Analysis

3.1.2 Summary

December 2004

ted along the east side of the roadway between 500 South and Porter Lane and
runs along the west side of the roadway between Glover’s Lane and State Street.

Buffer

The buffer width is consistent through the entire alignment for safety and water
quality purposes. The berm/buffer areais not intended to provide space for a
future utility corridor. For further clarification of the issue of a utility corridor,
see Section 3.4, Berm/Buffer Area. The distance from the toe of the slope to the
ROW lineis based on UDOT design standards and maintenance requirements.

Trail

The dimensions of the trail facilities are based on AASHTO' s guidelines. The
trail provides non-motorized facilities for both pedestriang/bicyclists and
equestrians. Thetrail is part of the context-sensitive design approach to
transportation projects that UDOT has adopted.

Design Standards and Guidelines

Design standards and guidelines have been devel oped to promote the planning,
design, and construction of safe and efficient transportation facilities. For this
reason, it isUDOT’ s policy to construct al new roadways to comply with design
standards. Generally, UDOT considers variations from standards only whenit is
upgrading existing facilities where meeting standards is not feasible.

e The updated cross-section is 95 m (312 ft), which was reduced by 5 m
(16 ft) from the FEIS cross-section. This reduction is the result of
reducing the open median from 20 m (66 ft) to 15 m (50 ft).

e Thedimensions of the ROW components for Alternative E are based on
UDOT standards and national planning and design guidance provided by
AASHTO, aswell as conditions and environmental resourcesin the
project area.

e The proposed median width of 15 m (50 ft) is consistent with UDOT
standards based on the recommended values from the AASHTO Green
Book for open medians (AASHTO 2001).

e Theberm areaisintended to provide visual and acoustic buffering for
specific areas of the alignment where UDOT has determined it is
necessary.

e Theberm/buffer areaisintended to provide a safe separation of the trail
and roadway, and visual and acoustic buffering for adjacent land uses.

Right-of-Way Issues
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3.0 Results of the Analysis

3.2 Relationship between ROW Characteristics, Facility Footprint,
and Wetland Impacts

This section describes the relationship between the position and width of the
Legacy Parkway ROW, the facility’ s footprint within that ROW, and the
associated wetland impacts. The Legacy Parkway project team reviewed various
options for the design and use of ROW during the planning process to develop an
alignment that avoided wetlands as much as possible while still maintaining a
roadway geometry that would meet design and safety standards.

3.2.1 Position of Roadway within the Right-of-Way

December 2004

For the purposes of planning and permitting the Legacy Parkway, the project
team assumed that all wetlands within the ROW (113 acres total) would be filled.
Originally, it was determined that the FEIS Preferred Alternative ROW (100 m,
or 328 ft) would have 114 acres of wetland impacts. This determination was
based on the 15% plans that were devel oped for the impact anaysis, not on a
final design. The design-builder used the 15% plans as a basis for completing the
final design. This number has been reduced to 113 acres of wetland impacts as a
result of reducing the ROW to 95 m (312 ft).

However, in redlity, not all 113 acres would be impacted. As noted in Section
3.1.1, Cross-Section Right-of-Way Components, the designers and construction
contractors are encouraged to minimize wetland impacts by creatively
positioning the roadway and trail facilities within the ROW (consistent with
design standards), so the actual footprint would not occupy the entire ROW
width. Although the permit was requested for the entire ROW so that the facility
could be constructed anywhere within the ROW limits, the actual impacts to
wetlands would be less than 113 acres.

In addition, the 404 permit initially granted for the project stipulated that, for
final design, the designer should try to minimize impacts within the ROW. The
design-builder has identified areas within the ROW under their current design
(developed before the injunction) where impacts to wetlands would be avoided
due to the position of the facility within the ROW. These wetland areas are
identified on the design-builder’ s final plans. Protective environmental fencing
would be placed around the wetlands' perimeter before construction to ensure
that no wetland impacts occur.

The design-builder identified 14 acres of wetlands within the ROW (primarily in
the north and south interchanges) that would not be impacted during
construction. The 14 acres identified by the design-builder are located primarily
in the interchange areas, which will remain the same with any ROW evaluated
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3.0 Results of the Analysis

because the design of the interchanges is based on the area needed to
accommodate the ramps that connect to the roadway, not the ROW of the
roadway itself. Therefore, this 14 acre reduction of wetland impacts appliesto all
the alternative ROW widths discussed in this section, including the 95 m (312 ft)
Alternative E ROW (see Table 3-3, Wetland Impacts for Alternative ROW
Widths, on page 40). Figure 3-19, Relationship between ROW Width and
Wetland Impacts, on page 36 shows the relationship between ROW width and
wetland impacts.

3.2.2 Design Flexibility

December 2004

Design flexibility alows the designer to modify some of the facility’s
components (consistent with design standards) to reduce the footprint, thus
avoiding some impacts to wetlands and other environmental resources within the
ROW. The arearequired for the footprint, not the entire ROW width, determines
the actual impact. UDOT uses design standards to determine the widths of the
lanes, shoulders, median, side slopes, and clear zones. Following these standards
and applying design flexihility, the project team developed a cross-section that
would reduce the footprint’ s impacts on wetlands in the areas where no berm is
proposed. This cross-section is described below.

The cross-section shown below in Figure 3-6 can be used as part of the design
flexibility concept to minimize impacts. Using this cross-section in areas along
the mainline that do not have a berm or an interchange can reduce overal
impacts to wetlands. This section could not be used at |ocations with an earthen
berm, in areas where the fill height exceeds 2 m (6.6 ft), or at the 500 South,
Parrish Lane, and termini interchanges. This section could be used along about
5,140 m (3.2 miles) of the alignment. The option of breaking and steepening the
slope outside the clear zone could further reduce impacts.

This cross-section would be used where the footprint crosses wetlands. In areas
without wetlands, the trail would meander in the area between the roadway
footprint and the edge of the ROW. This 80 m (264 ft) cross-section would be
implemented within the 95 m (312 ft) ROW width. The area between the
footprint and the edge of the ROW would be protected to ensure that no wetland
impacts occur. Using the 80 m (264 ft) cross-section within the 95 m (312 ft)
ROW allows the maximum design flexibility. The area between the footprint and
the edge of the ROW can be used to meander the trail to reduce impacts to
wetlands as much as possible. See Figure 3-20 and Figure 3-21 beginning on
page 37 for examples of design flexibility.
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The area between the footprint and the edge of the 95 m (312 ft) ROW would be
protected from future impacts. The area would be owned and maintained by
UDOT and protected from any future development.

80 m (264 ft) Design Flexibility Cross-Section

The project team devel oped a cross-section that maintains the required design
elements and also has atrail (see Figure 3-6 below). This section is 80 m (264 ft)
wide and includes the minimum required roadway facility and atrail. This cross-
section could reduce wetland impacts by 1 to 2 acres over the 5,140 m (3.2 mi).
This could potentially reduce the impacts of the 95 m (312 ft) cross-section to 97
acres. See Figure 3-19, Relationship between ROW Width and Wetland Impacts,
on page 36.
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Figure 3-6. Alternative Cross-Section That Maintains Minimum Design Standards
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3.2.3

Alternative ROW Widths

UDOT considered the following alternative ROW widths to assess the
differencesin potential impacts to wetlands:

89 m (292 ft)
87 m (285 ft)
80 m (261 ft)
71 m (234 ft)

Wetland impacts associated with each ROW are noted; impacts of the footprints
would be less.

89 m (292 ft) ROW Width

An alternative was devel oped based on reducing the ROW width from 95 m (312
ft)—the updated width of Alternative E—to 89 m (292 ft) (see Figure 3-7 and

Figure

3-8 below), by using a9 m (30 ft) median, the minimum median width

(without a barrier) allowed by AASHTO, and providing atrail and/or
berm/buffer area. This does not meet UDOT design standards for median width.
This aternative ROW contains 112 acres of wetlands but would only impact 98
acres of wetlands, 1 acre less than the updated Alternative E ROW (see Table
3-3, Wetland Impacts for Alternative ROW Widths, on page 40). See Figure
3-19, Relationship between ROW Width and Wetland Impacts, on page 36.
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Figure 3-7. Cross-Section with AASHTO Minimum Median and Trail
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Figure 3-8. Cross-Section with AASHTO Minimum Median, Berm, and Trail

87 m (285 ft) ROW Width

One dternative is reducing the ROW width from 95 m (312 ft)—the updated
width of Alternative E—to 87 m (285 ft) (see Figure 3-9 below) by reducing the
median to the minimum allowable by UDOT standards and using a median
barrier. This alternative would reduce the ROW width by 9% and the ROW area
by about 2%.” (The side-slope-to-ROW line would be reduced by 1 m [3 ft] when
shifting the cross-section to the center of the alignment.) This alternative ROW
contains 112 acres of wetlands but would only impact 98 acres of wetlands, 1
acre less than the Alternative E ROW (see Table 3-3, Wetland Impacts for
Alternative ROW Widths, on page 40). See Figure 3-19, Relationship between
ROW Width and Wetland Impacts, on page 36.

" Thetotal acreage required to accommodate the 95 m (312 ft) ROW is 900 acres. The acreage required for the 87 m
(285 ft) ROW is 880 acres. The overal reduction of 20 acresis 2% of the 95 m (312 ft) ROW.
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Figure 3-10 through Figure 3-15 below show the entire updated Alternative E
alignment overlaid on amap of the jurisdictional wetlandsin the project area.
These figures begin at the southern end of the project area and move north along
the alignment. The figures show the curvature of the roadway, which is designed
to avoid wetland impacts as much as possible.

Figure 3-16 on page 33 presents a detailed area from Figure 3-15 that shows the
relationship between wetland impacts and varying ROW widths. Figure 3-16
shows that the impact on the specific wetlands within the Legacy Parkway ROW
changes by 0.02 acre (the total area of the wetland is 0.8 acre) when the ROW
width is reduced from 95 m (312 ft) to 87 m (285 ft).
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Figure 3-13. Right-of-Way and Jurisdictional Wetlands in Centerville
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Figure 3-14. Right-of-Way and Jurisdictional Wetlands from Centerville to Farmington
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Figure 3-15. Right-of-Way and Jurisdictional Wetlands in North Salt Lake
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Figure 3-16. Detail of Wetland Impacts between 95 m and 87 m (312 ft and 285 ft)

80 m (261 ft) ROW Width

A reduced ROW with of 80 m (261 ft) was also evaluated (see Figure 3-17
below). This alternative ROW width was achieved by using a median barrier to
reduce the median width to the minimum allowable by UDOT standards and by
providing atrail but reducing the buffer area. Thisis the narrowest section that
could be used for a four-lane highway while meeting the project’ s purpose and
need and still following UDOT design standards.

The narrowest cross-section provides atrail (which is consistent with the
project’ s purpose and need), but reduces both the buffer area and the open
median. Thetrail islocated next to the area required for the roadway (which
meets UDOT design standards) and incorporates a3 m (10 ft) landscaped area
next to the trail. Thislandscaped areais needed to provide the “ parkway”
element of the facility and allows room for the trail to meander. This area also
provides avisua buffer for trail users.

A noise wall is shown separating the trail from the roadway. Reducing the buffer
area could require the use of noise walls. A complete noise study would be
required to determine the exact location and size of any noise walls.
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This aternative ROW contains 110 acres of wetlands but would only impact 96

acres of wetlands, 3 acres less than the updated Alternative E ROW (see Table
3-3, Wetland Impacts for Alternative ROW Widths, on page 40). See Figure
3-19, Relationship between ROW Width and Wetland |mpacts, on page 36.
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Figure 3-17. Alternative Cross-Section with a Median Barrier, Trail, and Reduced Buffer Area
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71 m (234 ft) ROW Width

A narrower cross-section that does not include the trail was also developed (see
Figure 3-18). Thistype of roadway without atrail was previously determined by
USACE to be impracticable, but isincluded in this analysis at the request of the
federal lead agencies and is provided to illustrate the wetland impacts from the
trail and landscaped area itself.

This section isidentical to the 80 m (261 ft) section except that the trail and
landscaped area have been removed. This sectionis 71 m (234 ft) wide and
includes only the roadway facility. This alternative ROW contains 106 acres of
wetlands but would only impact 92 acres of wetlands, 4 acres less than the 80 m
(261 ft) section and 7 acres less than the 95 m (312 ft) section (see Table 3-3,
Wetland Impacts for Alternative ROW Widths, on page 40). See Figure 3-19,
Relationship between ROW Width and Wetland Impacts, on page 36.
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Figure 3-18. Cross-Section with a Median Barrier and No Trail
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Figure 3-19 isagraphical representation of the relationship between ROW
widths and wetlands impacts. The figure shows each of the ROW widths and the
wetlands impacts associated with it.
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Figure 3-19. Relationship between ROW Width and Wetland Impacts
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Summary

December 2004

The 404 permit assumed that al wetlands within the ROW would be
impacted. The permit was originally issued based on the 100 m (328 ft)
ROW, which is based on 114 acres of wetland impacts; the updated 95 m
(312 ft) ROW reduces thisto 113 acres of wetland impacts. In redlity, the
roadway footprint would impact fewer than 113 acres.

When devel oping the final design for the Legacy Parkway Alternative E,
the design-builder has been able to progress the design to avoid 14 acres
of wetlands while still maintaining aroadway geometry that meets
design and safety standards. Because the avoided wetlands are in the
interchange areas, which are the same for each ROW width, the acreage
of impacts to wetlands for each of the alternatives can be reduced by 14
acres.

In addition, the final design would further reduce impacts by avoiding
wetlands within the ROW as aresult of the design flexibility described in
Section 3.2.2, Design Flexibility. Using this cross-section could decrease
wetland impacts by 1 to 2 acres.

Based on work done before the injunction, Alternative E would impact
about 99 acres of wetlands.

Substantial adjustments to the dimensions of ROW components (such as
median width) would result in relatively small changesin overall wetland
impacts. For example, assuming that all wetlands within the ROW are
impacted, reducing the ROW width from that of Alternative E at 95 m
(312 ft) to 80 m (261 ft) by reducing the median to 8 m (26 ft) and buffer
areato 3 m (10 ft) would reduce the total amount of impacted wetlands
within the ROW by 3 acres. Table 3-3 below summarizes this
relationship.
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3.3
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Table 3-3. Wetland Impacts for Alternative ROW Widths

Wetlands Maximum

ROW within Wetland
ROW Width, Area ROW Impacts
ROW Option m (ft) (acres)? (acres)” (acres)”
Final EIS Preferred 100 m (328 ft) 925 114 100
Alternative
Alternative E 95 m (312 ft) 900 113 99
Reduce median to 9 m 89 m (292 ft) 881 112 98
(30 ft)
Reduce median to 8 m 87 m (285 ft) 880 112 98
(26 ft)
Reduce median to 8 m 80 m (261 ft) 855 110 96
(26 ft) and buffer area to
3 m (10 ft)
Reduce medianto 8 m 71 m (234 ft) 825 106 92

(26 ft) and eliminate trail
and buffer area

a

The ROW area includes interchanges.

This column shows the total area of wetlands within the ROW.

As discussed in Section 1.3, Background and Explanation of the Final EIS Preferred
Alternative and Alternative E ROW Width, Footprint, and Related Wetland Impacts, 14

acres of wetland impacts identified by the design-builder will be avoided, and actual
impacts would be less than the total area of wetlands due to design flexibility.

b

c

Median Width Considerations

This section presents information on the components of the median width.

The project’ s environmental documentation, including the FEIS, USACE and
FHWA Records of Decision, and the 404(b)(1) Evaluation Report, all contain
descriptions of the rationale for the proposed median width. These reasons
include:

e Consistency with design standards and guidance

o Safety

o Water quality

e Visua quality

e Consistency with local land use and transportation plans

e Public preference for a parkway-type facility (based on input gathered
through scoping and public involvement activities)
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The following criteriawere used in the analysis of median width presented in this
Technical Memorandum:

e Consistency with UDOT design standards and nationwide guidelines (for
example, AASHTO)

e Wetland impacts
o Safety
o Water quality impacts

The median is the area that separates the opposing travel lanes. For this Technical
Memorandum, the median width is defined as the distance between the opposing
travel lanes and includes the interior shoulders asillustrated in Figure 3-1 and
Figure 3-2 on page 11.

Asnoted in Section 3.1.1, Cross-Section Right-of-Way Components, the
proposed median width for the Legacy Parkway Alternative E ROW is specified
by UDOT Standard Drawing DD 4. This median width is consistent with the
guidelines of AASHTO’ s Green Book (2001) and AASHTO' s Roadside Design
Guide (2002), which together provide nationwide industry standards and
guidance on the design and operation of roadways.

Additional information on ROW considerations in planning the Legacy Parkway
project, including median width options, is presented in the following sections.

3.3.1 Future Travel Lanes

December 2004

This Technical Memorandum reviews the information and analysis in the FEIS
and the Records of Decision including the USACE 404(b)(1) evaluation
concerning the question of possible future additional travel lanes within the
Legacy Parkway ROW. The information has not changed since the FEIS or
earlier federal decisions. UDOT does not plan to place additional lanesin the
Legacy Parkway ROW.

USACE addressed thisissue in its 404(b)(1) evaluation, even though the addition
of lanes was not reasonably foreseeable. UDOT does not currently propose to or
have future plans to add additional travel lanes to the Legacy Parkway. If
additional lanes were proposed in the future, the impacts of this action would
follow appropriate environmental requirements. The sequencing analysis
performed for the Supplemental EIS concluded that a six-lane facility would not
help reduce congestion between now and 2020.
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3.3.2 Development of the Legacy Parkway Median

December 2004

Research on median and safety issues supports the standards discussed in Section
3.1.1, Cross-Section Right-of-Way Components, which were used to design the
Legacy Parkway. A survey of recent and relevant research was conducted to
gather and analyze information on median characteristics and roadway operations
for this Technical Memorandum. In addition, UDOT’ s safety records were
reviewed to assess the rel ationships between medians and safety in Utah.

Research Related to Median Design Guidance

AASHTO and UDOT standards are based on transportation and engineering
research and many years of professional experiencesin the planning, design, and
operation of roadways. Safety is and has historically been a primary considera-
tion in the planning and design of transportation facilities.

Congress emphasized highway safety in the passage of the Highway Safety Act
of 1966. Further, in July 1973, the House Committee on Public Works published
the following mandate relating to highway safety:

Whose responsibility isit to see that maximum safety is incorporated into our
motor vehicle transportation system? On this, the subcommittee is adamant. It is
the responsibility of Government and specifically those agencies that, by law,
have been given that mandate. This responsibility begins with the Congress and
flows through the Department of Transportation, its Federal Highway
Administration, the State Highway Departments and saf ety agencies, and the
street and highway units of counties, townships, cities, and towns. Thereisno
retreating from this mandate in either letter or in spirit (AASHTO 1974).

This emphasis on safety is also demonstrated by FHWA' s adoption of the
AASHTO publications Highway Design and Operational Practices Related to
Highway Safety (1974) and Highway Safety Design and Operations Guide
(1997).

The Green Book provides guidance to the designer by referencing a
recommended range of values for all highway critical dimensionsincluding
median width. Thisflexibility allows the designer to use best professional
judgment in determining the appropriate highway critical dimensionsin context
of the project location and setting. The Green Book recommends that median
widths on rural freeways should be between 15 to 30 m (50 to 100 ft). The 15m
(50 ft) median provides for 1.2 m (4 ft) shoulders and 1V:6H fore slopes with a
1.0 m (3 ft) median ditch and provides adequate space for vehicle recovery.

The Roadside Design Guide presents information on the latest state-of-the-
practice in roadway safety. The findings of the RDG are based on current
accident and research studies. The intent of the RDG isto present the concepts of
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roadway safety to the design engineer in such away that the most practical,
appropriate, and beneficial roadside design can be accomplished for each
individual project.

e Median barriers should beinstalled only if the consequences of striking
the barrier are expected to be less severe than if no barrier existed.

e Figure 6.1 of the RDG provides the designer with suggested guidelines
when site-specific data are not available, asis the case for new facilities.
The figure depicts barriers as optional between 9 and 15 m (30 and 50 ft)
and barrier as not normally considered above 15 m (50 ft).

AASHTO' s Green Book (2001) also refersto a study by S.R. Byinton, Interstate
System Accident Research (Byinton 1963), which found alower crash rate on
four-lane divided (open-median) highways than on four-lane undivided (striped)
highways. This conclusion is also supported by the recent accident data discussed
in the following sections. Narrower medians with barriers can eliminate head-on
collisions, but will increase same-direction crashes due to a smaller recovery
space.

Research on Median Width and Safety
Highway Safety I nformation System

The most comprehensive recent study on the relationship between median width
and highway safety was conducted using data from the Highway Safety
Information System (HSIS). The HSIS provides a multi-state safety database that
contains accident, roadway inventory, and traffic volume data for a select group
of states, including Utah. This study, The Association of Median Width and
Highway Accident Rates (FHWA 1993), which is provided as Appendix B, used
these data to analyze the relationship between median width and highway
accident rates. Accident rates are defined by the number of accidents per hundred
million vehicle-miles traveled for alength of highway. This study used statistical
analyses to define the relationship between median widths and accident ratesin
terms of the relative effects of changes in median width on accident rates (see
Figure 3-22 below).

The study, which looked at open medians without a median barrier, assessed
roadways in Utah and Illinois and found that the total accident rate appearsto
decline steadily as median width increases. The study also found that increasing
median width reduced certain types of accidents by varying rates.
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Figure 3-22. Relative Effects of Median Width on Total Accident Rate
Source: FHWA 1993

The results of the 1993 FHWA study show that “...the total accident rate appears
to decline steadily with increasing median width.” The study also mentions that
medians that are 15 m (50 ft) wide are much safer than a narrower median. The
study indicates that medians wider than 15 m (50 ft) appear to provide even
greater safety benefits. The study remarked, “...in the design of new highways,
our findings would support medians considerably wider than 30 to 40 ft (9.2 to
12.2m).”

Thefindings of the study agree with the design guidelines provided in the
AASHTO Green Book (2001). The study points out that it is difficult to
summarize AASHTO guidelines for median width and the need for median
barriers, since material isfound in avariety of sections and the Green Book does
not provide “hard” guidelines.

National Cooper ative Highway Resear ch Program

A recent study prepared for the National Cooperative Highway Research
Program (NCHRP) reports findings on guidelines for median safety. This study,
Improved Guidelines for Median Safety (NCHRP 2004), evaluated median safety
using cross-section data, roadway inventory data, and data on crashes that
involved medians. The study, provided as Appendix C, used the datato analyze
the relationship between median width and highway accident rates.
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This study points out that the AASHTO criteriafor determining whether a
median barrier is warranted have not changed for more than 30 years. The study
was conducted to help develop improved guidelines for using median barriers
and sel ecting median widths on newly constructed and reconstructed high-speed
roadways.

The NCHRP study examines State Transportation Agency (STA) Median Barrier
Warrant Criteria, which vary among STAs. STASs base their criteria either on
safety-based studies or on economic evaluations. The following list gives
examples of various STAS median width and barrier requirements that
demonstrate the variation in Median Barrier Warrant Criteria between different
states.

e Cdliforniaconducted a study in 1968 and concluded that median barriers
should be placed in medians up to 13.7 m (45 ft).

e New Hampshire and Washington install median barriers on medians less
than 15 m (50 ft).

¢ North Carolina has revised its median design policy so that new freeways
must have median widths of at least 21 m (70 ft). Any median narrower
than 21 m (70 ft) requires a median barrier.

Though median width designs vary from state to state, they are based on safety
studies indicating that medians narrower than 13.7 to 15 m (45 to 50 ft) are not
safe without a barrier. One of the conclusions drawn from the NCHRP study is
that increasing median widths on divided, limited-access highways decreases
crash frequency. (The effects of median barriers are discussed in the section
Research on Median Barriers and Safety below.)

Public Roads November/December 2003

The FHWA publication Public Roads featured an article on fatality rates on
South Carolina sinterstates (Zeits 2003). The article, “Low-Cost Solutions Yield
Big Savings,” examined South Carolina’ s approach to addressing median-rel ated
traffic fatalities. Based on the article, the South Carolina Department of
Transportation (SCDOT) decided to install barriers on medians lessthan 18 m
(60 ft). SCDOT determined that wider medians were safer than narrow medians.
Thisis another example of how median width contributes to safety.

Summary

Using the information from these studies, UDOT selected a median width of 15
m (50 ft) based on safety and professional judgment. This median width is also
within the recommended AASHTO range. Refer to Appendix B and C to review
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the studies and findings related to median width, accident rates, and improved
guidelines.

Research on Median Barriers and Safety

Utah Accident Data. Table 3-4 presents accident data collected on existing
freeway systemsin Utah (Interstates 15, 215, 70, and 80). Data from the UDOT
Maintenance Division database and the UDOT roadway photo log were
reviewed, and avisua inspection of the urban freewaysin the Salt Lake area was
performed to determine the locations of concrete barrier medians. The accident
reports described the accident type, number of vehiclesinvolved, accident
severity, object struck, collision type, and date, as well as other accident
information.

Table 3-4. Utah Accident Data

Cross-Section Accident Rate per Million VMT

Description Geometry 1997 1998 1999 2000 2001  Average
Total 4+ lanes, barrier median 1.30 1.18 1.14 1.40 1.45 1.29
Accidents .

4+ lanes, open median 0.68 0.70 0.65 0.67 0.63 0.67
Median- 4+ lanes, barrier median 0.11 0.05 0.05 0.05 0.07 0.07
Related
Accidents 4+ lanes, open median 0.01 0.01 0.01 0.01 0.01 0.01

Table 3-4 presents accident rates for highway segments with and without median
barriers. An open median is a median greater than 12 m (40 ft) without a barrier.
The findings of this study indicate that the average total accident rate (1997—
2001) is 1.29 accidents per million vehicle-miles traveled (VMT) for roadway
sections with a barrier and 0.67 accidents per million VMT for sections without a
barrier.

Crossover accidents were also reviewed and included in the overall accident rate.
These accidents occurred when a vehicle traveled through the median and hit a
vehicle or vehicles traveling in the opposite direction. These accidents often
involved injuries and/or fatalities.

New Jersey Accident Data. Data from New Jersey interstate and state highways
that relate road cross-sectional geometry to accident rates provide a useful
comparison with the Utah accident data presented above. These data were used
because they were readily available through literature searches, presented
accident datain asimilar format, and were from the same period. The New
Jersey data are presented in Table 3-5 below.
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Table 3-5. New Jersey Accident Data

Cross-Section Accident Rate per Million VMT

Geometry 1997 1998 1999 2000 Average
4+ lanes, barrier median 2.21 1.95 1.89 2.24 2.07
4+ lanes, open median 1.66 1.43 1.48 1.73 1.58

Source: New Jersey Department of Transportation 2003

While the overall accident rates are substantially higher for the New Jersey data,
the roadway sections with the open median have the lowest accident rate of the
various cross-sections documented. The average accident rate for the open
median section was 1.58 accidents per million VMT for 1997—2000. The average
accident rate for a cross-section with a barrier median for the same period was
2.07.

Determination of Median Characteristics for the Legacy Parkway

Safety isaprimary planning and design consideration for determining median
width and whether median barriers are warranted for roadways. Regarding
medians, the Roadside Design Guide notesthat “...a roadside free of fixed objects
with stable, flattened slopes enhances the opportunity for reducing accident
severity” (AASHTO 2002). The Roadside Design Guide cites 15 m (50 ft) as the
width for evaluating the need for a barrier for a highway with operational and
geometric characteristics like those of the Legacy Parkway (a high-speed,
controlled-access roadway with an average daily traffic greater than 20,000
vehicles per day).

The Roadside Design Guide allows the state transportation agencies to determine
the minimum width for an open median for which median barrier must be used.
State transportation agencies base their standards on safety, traffic volumes,
speed, and local knowledge of the area. In other words, a median narrower than
15 m (50 ft) could require amedian barrier (AASHTO 2002). Using the
information from the studies mentioned above, UDOT specifiesa 15 m (50 ft)
median width for the proposed L egacy Parkway.

In general, the greater the separation of travel directions, the more safely the
roadway will operate. For the Legacy Parkway, the proposed separation of the
travel lanes by 15 m (50 ft) is intended to provide safe separation (without a
barrier) of the traffic, an adequate vehicle recovery area consistent with UDOT
standards, and a median width within AASHTO' s recommended range. Thisis
UDOT’ s desirable width based on safety and other reasons such as drainage.

Safe separation and adequate recovery areas reduce cross-median collisions,
which tend to be significantly more severe than other types of accidents.
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AASHTO' s Green Book notes that medians of 15 to 30 m (50 to 100 ft) are
typical for facilities like the proposed Legacy Parkway. The Green Book further
states that a median width of 23 to 30 m (75 to 100 ft) is preferred for minimizing
the number of crossover collisions (AASHTO 2001, p. 103).

The 15 m (50 ft) median proposed for the Legacy Parkway is at the minimum of

the Green Book’ s range of widths for open medians. Reducing the median width
from 15 to 8 m (50 to 26 ft) would reduce wetland impacts by about 1 acre, but it
islikely to increase the accident rate based on the referenced studies.

A barrier is not required for the Legacy Parkway median as proposed. The
Legacy Parkway’ s open median is intended to provide safe separation of the
opposing travel lanes without a median barrier. In this case, given the 15 m

(50 ft) median, a median barrier would be warranted only if the consequences of
striking the barrier were less severe than if no barrier existed (AASHTO 2002,
p. 6-1). The Roadside Design Guide indicates that a median barrier would need
to be evaluated for a highway like the Legacy Parkway if the median were 15 m
(50 ft) or narrower.

Severa barrier options are available and approved for use in medians.
AASHTO' s Roadside Design Guide approves the use of the following median
barriers, which are classified as flexible, semi-rigid, or rigid systems:

e Three-Strand Cable. The Three-Strand Cable barrier, aflexible system,
needs to allow for 3.6 m (12 ft) of deflection. The cable barrier isless
expensiveto install, but after ahit it cannot redirect another hit until it is
repaired. It is aso more labor-intensive to repair.

e Box-Beam. The Box-Beam barrier, another flexible design, requires
1.7 m (5.5 ft) of design deflection.

e Blocked-Out W-Beam. The Blocked-Out W-Beam is a semi-rigid
system that requires only 1.2 m (4 ft) for deflection, which islessthan
the flexible systems.

e Blocked-Out Thrie Beam. The Blocked-Out Thrie Beam system,
another semi-rigid design, requires 0.9 m (3 ft) of deflection.

e Concrete Median. The only rigid system available is the Concrete
Median barrier. With arigid system there is no deflection, so it allows
the narrowest median. The concrete barrier was selected for thisanalysis
because it does not deflect and allows the narrowest median possible.

Replacing the proposed Legacy Parkway 15 m (50 ft) open median with two 3.6
m (12 ft) interior shoulders and a 0.6 m (2 ft) barrier would reduce the ROW
requirements by 8 m (27 ft). Thiswould reduce wetland fill by 1 acre.
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Summary

e The proposed median width for the Legacy Parkway Alternative E ROW
(15 m, or 50 ft) is consistent with UDOT design standards and is at the
minimum range of national guidelines.

e Research on median safety supports a median width of 15 m (50 ft) or
greater for new facilities.

e UDOT does not intend to use the median for future travel lanes, and the
median width was not determined with future travel lanes as a
consideration.

e Median width is based largely on safety factors. Based on the above
studies, accident rates decrease as median width increases and vice versa.

e Using amedian barrier can reduce the median width. However, median
barriers generally increase overall accident rates compared to open
medians and would not provide water quality control benefits (see
Section 3.3.3, Medians and Water Quality Treatment).

e AASHTO's Green Book recommends that medians of less than 15 m (50
ft) be evaluated to determine the need for barriers.

3.3.3 Medians and Water Quality Treatment

December 2004

This section reviews the project team’ s consideration of water quality treatment
options. UDOT' s updated standard using a 15 m (50 ft) median, instead of the 20
m (66 ft) median in the FEIS, still provides enough room to meet the required
water quality standards. Therefore, no additional water quality treatment
measures will be needed due to the change in median width.

Proposed Water Quality Treatment Method

A primary objective of planning stormwater quality management for the Legacy
Parkway was to eliminate concentrated stormwater discharges to the extent
feasible. This approach was determined in coordination with the Utah
Department of Environmental Quality (UDEQ) in a meeting held on November
4,1999. UDOT and UDEQ negotiated and determined that point discharges need
to be eliminated wherever feasible to meet the water quality standards set for the
Legacy Parkway. Eliminating point discharges would have positive effects on
turbidity and removal of suspended solids. Point discharges contribute to channel
erosion and channel instability. Point discharges can also adversely impact
surrounding resources and the existing ecosystem. The proposed water quality
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treatment methods of grassed medians and vegetated side slopes were selected
because they provided the most benefit due to the proximity of the area wetlands.

UDEQ held a public hearing on February 18, 1999, regarding the 401 Water
Quality Certification application for the Legacy Parkway. A new application was
submitted, and a second hearing was held on October 3, 2000. The new
application was submitted due to the change of the Preferred Alternative from the
DEIS to the FEIS. UDEQ responded to comments received at the October 3
public hearing by preparing a Response to Comments document (M oellmer
2000), and the 401 Water Quality Certification was issued for the Legacy
Parkway.

In the Water Quality Certification letter sent to USACE in 2000, UDEQ's
Division of Water Quality made the following statement regarding the 401 Water
Quality Certification Application for the Legacy Parkway:

We [UDEQ)] have reviewed the referenced application. It is our opinion that
applicable water quality standards will not be violated if appropriate BMPs [best
management practices] are incorporated to minimize the erosion-sediment load
to any adjacent waters. In addition, a storm water discharge permit administered
by this office will regulate the construction of this project, and construction
activities must be controlled to meet requirements of that permit.

Pursuant to Section 401(a)(1) of the Federal Water Pollution Control Act, as
amended in 1987, it is herby certified that any discharge resultant from the
project will comply with applicable State Water Quality Standards...(Ostler
2000).

The FHWA report Retention, Detention, and Overland Flow for Pollutant
Removal from Highway Stormwater Runoff recommends: “...grassed waterways
should be used to collect and transport highway runoff where practical” (FHWA
1988). Research conducted on water quality Best Management Practices (BMPs)
available to treat highway runoff supports the use of vegetated buffer strips and
swalesfor highway facilities. A study by the Center for Research in Water
Resources at the University of Texas came to the following conclusion:

Include vegetated buffer strips or grassed swales in the design of new highways
or renovation of old highways. V egetated BMPs are especially beneficial in
environmentally sensitive watersheds or recharge zones; in addition, they could
be used when regulations require enhancement of highway runoff water quality
(FHWA 1996).

The researchers recommend that sheet flow be maintained to allow better
treatment. Treating water within the ROW is beneficial for any areas outside the
parkway ROW, since this method allows adequate treatment of stormwater
runoff to meet the permit requirements for discharge before leaving the ROW.
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The USACE’ s 404(b)(1) Evaluation Report stipulates that all drainage associated
with the Legacy Parkway should be detained asit flows through the grassy area
of the median. This removes suspended solids and some dissolved pollutants
through filtration, adsorption to sediment and organic particles, and infiltration.
An 80% total suspended solids (TSS) removal must be achieved to meet numeric
water quality standards established by UDEQ (2000). A study was performed to
determine the 80% TSS removal requirement (HDR 1999).

The particulate fraction (the percentage of a pollutant in solid form or bound to
solid particles), compared to the dissolved form, constitutes the major component
of most pollutants of interest in highway runoff (FHWA 1988). The 80% TSS
removal also provides adequate reduction in heavy metal concentrationsin
highway stormwater runoff to ensure that numeric water quality standards are not
exceeded. Due to their toxic effects on aquatic wildlife, heavy metals (primarily
copper, lead, and zinc) are the pollutants of greatest concern with respect to
highway stormwater runoff. The 80% TSS removal standard is higher than the
regular water quality standards set by the UDEQ to help reduce the impacts to the
surrounding Great Salt Lake ecosystem.

The degree of water quality improvement is a function of the length of time that
stormwater is in the treatment system. For grassed swales and overland flow, the
treatment is afunction of detention (or travel) time of the runoff. Figure 3-23
shows TSS removal as a function of detention time for overland flow. The
required 80% TSS removal is achieved with a 10-minute detention time.
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Figure 3-23. TSS Removal versus Detention Time for Overland Flow
Source: FHWA 1988
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Grassed medians provide water quality treatment in two ways. First, stormwater
quality isimproved by traveling in sheet flow in adirection perpendicular to the
highway, over the vegetated side slopes of the median. Assuming a 1:6 median
side slope for the 15 m (50 ft) median, water travels and is retained for about 3
minutes before it reaches the center of the median. Second, by allowing
stormwater to flow in the median for an additional 15 m (50 ft) parallel to the
roadway, the water travels and is retained for an additional 10 minutes and the
subsequent 80% TSS removal is achieved.

Where the side slopes from the two sides of the highway join, the median could
be considered a grassed channel. Figure 3-24 shows the percent TSS removal asa
function of channel length. The Legacy Parkway design incorporates catch basins
every 100 m (328 ft) along the centerline of the median. Using Figure 3-24 and
assuming half the spacing (50 m, or 164 ft) as the channel length, a grassed
channel median would provide over 80% TSS removal. Because of the relatively
flat side slopes of the median (1:6), the depth of water flowing in the channel
would be very shallow, and runoff could be considered sheet flow for much of
the channel’ s length.

In summary, a15 m (50 ft) median adequately provides for 80% TSS removal
when considering expected detention time and channel length. A narrower
median might achieve an 80% TSS removal, but would affect the safety of the
facility.
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Figure 3-24. TSS Removal versus Channel Length for Grassed Channels
Source: FHWA 1988
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Alternate Water Quality Treatment Considerations

All runoff from the Legacy Parkway must be treated to achieve water quality
standards before it leaves the ROW. Overland flow treated through vegetated
areas and swales was the preferable method for the Legacy Parkway as described
above.

The following sections discuss aternate water quality treatment methods:
detention basins, retention basins, and sediment traps and basins.

Detention Basins

Where dternate treatment methods are necessary, wet detention basins are the
most readily adaptable and cost-effective management measure (FHWA 1996).
Detention basins would be a potential alternative water quality treatment method.
Detention basins are typically used to reduce the peak discharge from impervious
areas (that is, to provide water quantity control). Detention basins are used so that
receiving water bodies do not experience a sudden increase in flood flow rates
due to stormwater runoff. If designed to improve water quality, detention basins
can also be considered structural BMPs that allow suspended particles (TSS) to
settle out of stormwater.

UDOT standards require that oil/gas skimmers be installed wherever detention
basins are used. However, oil/gas skimmers were eliminated as a stand-alone
alternate water quality treatment method. These devices remove only floating
debris, ail, and other petroleum products and would not reduce TSS or heavy
metal concentrations to levels that would meet the numeric water quality
standards for receiving waters.

Area Required for Detention Basins

With the elimination of the median, all runoff that was previously treated by the
grassed median would need to be routed to detention ponds. In the analysis that
follows, the assumption is made that detention basins would be needed to treat
stormwater from the inside shoulders and curving segments of the Legacy
Parkway that are superelevated. The total arearequiring treatment with detention
basinsis about 44 acres. The overland flow through the vegetated side slopes and
existing ground on the outside edges of the roadway would provide the required
water quality treatment for the remaining portions of the highway. To ensure that
numeric water quality standards are not exceeded, detention basins would need to
achieve 80% TSSremoval.

The high groundwater table in the area of the Legacy Parkway restricts the depth
of any detention basin, since a detention basin must be located above the
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groundwater table to operate properly. With this restriction, the depth of
detention basins for the Legacy Parkway project would be limited to 1 m (3 ft).

Also, placement of the detention basins was evaluated. Detention basins could be
placed either east or west of the proposed roadway, although stormwater would
eventually have to be discharged to the west, into the Great Salt Lake. Along the
project alignment, the topography is very flat, making it difficult to achieve the
fall necessary to convey stormwater. Thiswould pose a particular challenge if
detention basins were located on the east side of the proposed alignment; the time
required to convey water from west to east to west again (the natural fall, or
grade, isto the west towards the Great Salt Lake) would be considerable, and the
outlet channel or pipe would need to be deep or very flat (requiring alarger pipe
or wider channel). These technical and logistical difficulties would require that
the detention basins be placed along the west side of the proposed roadway.

Figure 3-25 shows the pollutant removal efficiency of detention basins as a
function of the Vg/V ratio, where Vg is the volume of runoff and Vg isthe
required volume of a detention basin. Assuming a height (H) of 1 m (3 ft), an
80% TSSremoval resultsin aVg/Vg ratio of about 2.3. In other words, to
achieve a TSS removal efficiency of 80%, the volume of detention should be 2.3
times the volume of runoff.
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Figure 3-25. TSS Removal versus Vg/Vg Ratio

Source: FHWA 1988

Based on estimates of runoff quantities and detention time needed to meet
pollutant removal requirements, about 18 acres would be required for detention
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ponds to adequately treat highway stormwater runoff from the proposed L egacy
Parkway. This acreage was calculated using a 50-year design storm, which
resultsin arunoff volume of 23.6 acre-feet. Assuming a1 m (3 ft) maximum
depth and a Vg/VR ratio of 2.3, the required detention basin areawould be 18.1
acres.

Equation 1

Required Detention Basin Area = (Runoff Volume) x (VB NVe)
Depth of Detention

Equation 2

(23.6 acre- feet) x (2.3)
3feet

=18.1acres

Required Detention Basin Area=

Detention basins require extensive piping and/or ditchwork to collect and convey
stormwater runoff. The exact locations and sizing of specific collection systems
and detention basins were not determined for this analysis. However, it was
assumed that a detention basin would be placed every 305 m (1,000 ft). The
entire length of the project, not including interchanges, is 13,800 m (45,280 ft).
Placing a detention basin every 305 m (1,000 ft) resultsin about 45 basins.

To maintain gravity flow, detention basins are typically placed in low-lying
areas. For thisreason, it may be difficult to avoid wetlands. However, wetlands
commonly occupy the same low-lying areas. With the depth restriction of 1 m (3
ft) and the required detention amount of 18.1 acres, the resulting basins would be
about 0.4 acre each.

Equation 3

18.1acres
45 basins

=0.40 acre

A simple calculation to estimate the potential for detention basins to impact
wetlands is shown in Equation 4.

Equation 4

Wetlands Within ROW (acres)
ROW (acres)

=% ROW in Wetlands

Equation 5

113 (acres)

=13%
900 (acres)

Right-of-Way Issues
Legacy Parkway Technical Memorandum 55



3.0 Results of the Analysis

Equation 6

DetentionBasin Areax % ROW in Wetlands= Acreage of Wetland I mpactsfrom Detention
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Equation 7
18.1(acres) x13% = 2 acres

These calculations indicate that there could be up to 2 acres of wetland impacts
from the detention basins. If these impacts occurred, they would offset nearly all
of the savings in wetland impacts from reducing the median width.

Retention Basins

Retention basins could also be used to handle stormwater runoff. Retention
basins are ponds that do not discharge any stormwater to surrounding areas.
Retention basins would retain al highway stormwater runoff and therefore all
runoff pollutants. Due to retaining al the water with no discharge, these ponds
would require even more area than detention basins and would have a greater
potential to impact wetlands.

Sediment Trapsand Basins

Sediment traps and basins also can be used to treat stormwater runoff. Sediment
traps and basins function like a detention basin. They detain water for a
significant time to allow the sediment to settle before the water is discharged.
These basins also require additional area, similar to a detention basin, to treat
stormwater runoff, and could impact additional wetlands and offset nearly all of
the savings from reducing the median. These basins trap sediment, but would not
achieve the 80% TSS removal required, so they are not aviable water quality
treatment option.

Impacts of Concentrating Flows on the Hydrology of the Great Salt
Lake Ecosystem

The Great Salt Lake ecosystem west of the proposed Legacy Parkway isaflat to
undulating area consisting of grassed uplands, wetland depressions, and salt
playas. Salt efflorescences (crusts) are common in the area, reflecting alack of
surface flows from snowmelt or rainfall. These unique conditions have led to the
formation of habitat as discussed in Section 4.13 of the FEIS.

Detention basins would require constructing a drainage facility to transfer runoff
to area streams or the Great Salt Lake. The flat nature of the land west of the
Legacy Parkway alignment would require building open channels or drainage
ditchesinstead of pipelines. Several historical drainage channels have been built
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through this area by the early pioneers, county flood control projects, and the
cities. The impacts of these historical channels can be easily observed and
typically include:

e Increased removal of surface water from areas surrounding the channels
e Lower groundwater table near the channels
e Expansion of invasive plant species along the channels

These impacts are discussed individually below.

I ncreased Removal of Surface Water

The existing constructed channels in the area passed through numerous
depressions and resulted in leveling or grading of some of the surrounding land.
This has provided a surface water drain that removes the water from depressed
areas during snowmelt and rainfall. These depressions are a primary source of
water for the grass meadows, salt playas, and even some of the emergent
wetlands within the area for large portions of the early season. Thisis one type of
wetland that was mandated to be mitigated by the 404 permit and included in the
Legacy Nature Preserve Mitigation Plan.

One mitigation approach being taken in the Legacy Nature Preserve isto remove
(fill in) existing drainage channels. In addition, the drainage design for the
Legacy Parkway uses overland flow to the extent practical to avoid the need for
concentrating flows and constructing drainage channels.

Lower Groundwater Table

The shallow groundwater near the Legacy Parkway is a source of water to
severa of the playa wetlands, emergent wetlands associated with shallow
springs, and many of the uplands. With the groundwater table in most of the
project area being only a couple feet below ground level, the existing stormwater
drain channels also act as groundwater drains. These groundwater drains
typically dewater areas ranging from 9 to 30 m (30 to 100 ft) on each side of the
channel, lowering the groundwater table to approximately the bottom of the
channel. Any newly constructed channels could increase impacts to the wetlands
in the areas around these channels.

Expansion of I nvasive Species

Wherever stormwater outfall channels have been constructed, invasive species
such as Russian olive, phragmite, salt cedar, and non-native grasses, weeds, and
other plants have quickly become established. These invasions occur because
construction disturbances change the area’ s hydrologic characteristics. These
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species have a potential to dislodge several of the native speciesin the Great Salt
L ake ecosystem. These invasive species are a major management issue for the
Legacy Nature Preserve, which is dedicated to the preservation of the Great Salt
Lake ecosystem.

Based on these observed impacts from existing open-channel drainage systems,
constructing open channels to convey the concentrated flows across areas west of

the Legacy Parkway including the Legacy Nature Preserveis undesirable. Asa
result, the 401 water quality certification and 404 permit requirements for the
Legacy Parkway drainage system require the use of BMPs that prevent
concentrating stormwater discharges and maintain existing hydrologic flow
characteristics to the extent practical.

Summary

Water quality treatment considerations with respect to median width are
summarized in Table 3-6.

Table 3-6. Summary of Different Water Quality Treatment Methods and Associated Impacts

Evaluation
Factors

Grassed Median,
95 m
(312 ft) ROW

Detention Basins,
87 m (285 ft) ROW

Retention Basins,
87 m (285 ft) ROW

Total land required

900 acres (ROW)

880 acres (ROW) + 18.1
additional acres (detention)
=898.1 acres

880 acres (ROW) + more than
18.1 acres (retention) = more
than 898.1 acres

Average treatment
efficiency

80%

80%

100%

Wetland impacts

99 acres with no
additional impacts.

98 acres with 2 potential
additional acres of impact to
construct detention basins.
Additional indirect impacts
to convey stormwater
discharge through wetland
areas. (Total wetland
impacts = 100 acres.)

98 acres with at least 2
potential additional acres of
impact to construct retention
basins. (Total wetland impacts
= more than 100 acres.)

Hydraulic system

Sheet flow

Concentrated discharges

No discharge
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3.4 Berm/Buffer Area, Trail, and Utility Corridor Considerations

This section presents information on buffer width.

For the purposes of this evaluation and discussion, it is important to clarify the
concept of the buffer area. This area provides a buffer between the trail® and the
roadway’s clear zone outside the travel lanes (see Figure 3-1, FEIS Preferred
Alternative Cross-Section with Berm, on page 11). As such, the areais more
appropriately referred to as a buffer area, rather than a berm or future utility
corridor (asit isreferred to in previous documentation). This areais not intended
to serve as afuture utility corridor (see Section 3.4.4, Future Utility Corridor
Considerations).

The buffer area between the clear zone and thetrail is proposed for the full length
of Alternative E (and all build alternatives). Along the 5.1 km (3.2 mi) where the
berm is proposed, the buffer is 26 m (84 ft) wide and thetrail is5 m (17 ft) wide.
The berm is proposed on the east side of Alternative E between 500 South and
Porter Lane and along the west side between Glover’s Lane and State Street.
Where there is no berm, the buffer is 25 m (81 ft) wide. However, where thereis
no berm within the buffer area, the trail width is6 m (20 ft) due to fill for the
trail. The width of the trail (for the portions with and without the berm) is based
on AASHTO guidelines for multiple use trails. The ROW width is the same
whether or not thereis a berm.

The proposed buffer area fulfills the following functions:
e It provides safe separation between the roadway and the trail.

e It providesavisua and acoustic buffer between the Legacy Parkway and
the adjacent trail and land uses.

8 The width of the trail (for the portions with and without the berm) is based on AASHTO guidelines for multiple-
usetrails.
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3.4.1 Safe Separation between Roadway and Trail

The buffer area and berm serve key functions related to the parkway and the trail.
Most importantly, the buffer area provides a safe separation between the roadway
clear zone and the multi-use and equestrian trails. Regarding the design of trails
adjacent to highways, AASHTO' s Guide for the Devel opment of Bicycle
Facilities notes:

When two-way shared use paths are located adjacent to a roadway, wide
separation between a shared-use path and the adjacent highway is desirable to
demonstrate to both the bicyclist and motorist that the path functions as an
independent facility for bicyclists and others (AASHTO 1999).

A “wide separation” is not defined in the Guide. Similarly, UDOT does not have
design standards or guidelines for separating trails from adjacent highways. A
review of design standards and guidance from other state departments of
transportation revealed that other states do not have such standards or guidance
either.

UDOT developed an 80 m (264 ft) cross-section with a reduced buffer areafor
use in areas where the facility crosses environmental resources but where thereis
no berm or interchanges. Thisis the cross-section described in Section 3.2.2,
Design Flexibility. This cross-section reduces the ROW by 15 m (48 ft) by
reducing the buffer to 11 m (36 ft) (see Figure 3-26). Wetland impacts could
potentially be reduced by about 1 to 2 acres. This section places thetrail at the
minimum distance from the roadway, at the toe of slope, while still meeting
UDOT design standards.

ROW,FENCE
[y

53" 30 29’ o240 30
SI0E SLOPE TO CLEAR ZONE Z LANES ; 2 LANES CLEAR ZDNE
ROW LINE S0
- CLEAR ZOME/MEDIAN 2%

—

e s T S ST

N AB}Y'-S-%"'"J-

WATER QUALITY TREATMENT AREA

* MAY BREAK AND STEEPEM SLOPE
OUTSIDE CLEAR ZOWE TO REDUCE IMPACTS

Figure 3-26. Alternative Cross-Section with Open Median and Reduced Buffer
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Dueto thetrail’s dimensions and trail design standards, the trail can meander
around wetland resources to a much greater extent than aroadway can. If the
buffer areais greatly reduced, there will also be much less flexibility to avoid
wetland resources within the ROW.

Asnoted in Section 3.1.1, Cross-Section Right-of-Way Components, the
dimensions of the buffer area where the berm islocated are based on the height
of the berm (3 m, or 9 ft) and the UDOT standards for non-roadway side slopes.
The buffer width was kept consistent throughout the length of the L egacy
Parkway.

3.4.2 Visual and Acoustic Buffering

Visual and acoustic buffering provided by the buffer areaisimportant to the
multi-modal use of thetrail. Thetrail provides a pedestrian/bicycle path with a
parallel equestrian path. The trail users’ experiences would be enhanced by a
greater distance from and less noise due to the parkway and its traffic.
Throughout the planning process for the Legacy Parkway, the surrounding
communities have expressed their preference for the landscaped buffer areato
separate the trail from the roadway.

As noted above, the berm is proposed only in those areas where adjacent land
uses require greater visual and acoustic buffering than that provided by the
separation from the Legacy Parkway. Public comments received through the
project’ s public involvement activities demonstrated a preference for an earthen
berm as amore natural visual and acoustic barrier rather than a common noise
wall. Section 2.2.1 in the FEIS discussed the selected locations of the berm to
provide buffering to the adjacent communities.

3.4.3 Support from the Local Cities

December 2004

In ameeting held with the City of Farmington in July 2003, city representatives
made the following statement regarding the berm:

Farmington is very aesthetically minded and prefers the landscaped berm for
noise mitigation to noise walls. The City would not accept a UDOT standard
noise wall (UDOT 2003a).

A meeting was held with the City of West Bountiful on July 10, 2003. They had
the following concerns regarding the berm:

The landscaped berm is very important to the City. West Bountiful conceded to
the Legacy Final EIS Preferred Alternative because they were going to get a
landscaped berm and trail facilities adjacent to the residentia areas. Thiswas
considered mitigation for impacts (UDOT 2003b).
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On July 10, 2003, a meeting was held with the City of Woods Cross. The City
provided the following information regarding the berm:

Woods Cross supports the trail system provided with the Final EIS Preferred
Alternative and the City hastied itstrail system into Legacy. It would be a
shame to trade the Legacy Parkway with itstrail/berm for aribbon of concrete
through a community. Gary Uresk, City Administrator, spoke to the
transportation funding mechanisms designed to make transportation facilities a
benefit to communities, therefore amenities need to be included (UDOT 2003c).

As noted previously, the trail facilities are integral to the purpose and need for a
“parkway” facility. Section 3.7 in the FEIS provides information that was
gathered from each community relating to the trail facilities.

3.4.4 Future Utility Corridor Considerations

Regarding the issue of the utility corridor, Figure 2-9 of the FEIS shows the
cross-section of the Legacy Parkway with and without the berm and contains a
note showing the location of a“potentia future utility corridor.” Thereis no
utility corridor proposed or planned as part of the project, and the dimensions of
the buffer area were not affected by the potential for placing utilitiesin the ROW
in the future. The Jordan Valey Water Conservancy District and the Weber
Basin Water Conservancy District have identified a40-mile pipeline in their
long-range plan (to be completed in 15 to 20 years). However, because no
proposal or formal request has been submitted, this pipeline is not considered to
be part of the Legacy Parkway project. Thisissueisdiscussed at length in the
Responses to Commentsin the FEIS (L etter 842, comments 201 and 206). If a
utility corridor were proposed in the future, the impacts of this action would be
fully analyzed.

3.4.5 Summary

December 2004

o The proposed buffer area provides a safe separation between the Legacy
Parkway roadway and the trail.

e Reducing the cross-section to 80 m (264 ft) would reduce wetland
impacts by about 1 to 2 acres.

e Public comments expressed support for the landscaped buffer and berm.
The surrounding communities support a parkway facility that include a
berm and trail.

e The buffer area provides visual and acoustic buffering for adjacent land
uses. The berm and buffer landscaping will provide a“parkway” element
to the facility.
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3.5 Summary of Alternative ROW Widths
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Several issues were raised with respect to the median and the berm/buffer
components of the ROW. This Technical Memorandum examines whether a
narrower median is practicable and whether a ROW without abermis
practicable. Since the FEIS, UDOT has changed its standard drawing for
facilities like the Legacy Parkway, and the proposed ROW width is 5 m (16 ft)
narrower than the ROW in the FEIS.

Severa alternative scenarios (not presented in the FEIS) with respect to median
widths and the buffer area have been developed. UDOT developed two cross-
sections with medians narrower than the proposed 15 m (50 ft) median.

e One section has an 8 m (26 ft) median with interior shoulders, a concrete
median barrier (consistent with AASHTO guidelines), and the originally
proposed berm/buffer and trail area (25 m, or 81 ft). Thisisthe 87 m
(285 ft) cross-section.

e The other section has an 8 m (26 ft) median with interior shoulders, a
concrete median barrier, a berm/buffer area reduced to 3 m (10 ft), and a
trail. Thisisthe 80 m (261 ft) cross-section.

These alternatives were compared to Alternative E (with a 95 m [312 ft] ROW).
For the purposes of this analysis, the alternative ROW sections were narrowed on
the existing centerline.

Table 3-7 below compares Alternative E with the 87 m (285 ft) and 80 m (261ft)
cross-sections with respect to key evaluation elements (wetland impacts, safety,
and water quality impacts).
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Table 3-7. Summary of Alternative ROW Widths

Evaluation
Element

95 m (312 ft) ROW
with Open Median

87 m (285 ft) ROW
with Median Barrier

80 m (261 ft) ROW with
Median Barrier and
Reduced Buffer

Wetland impacts

99 acres

98 acres (96 acres, with
2 potential additional
acres of impact to
construct detention
basins).

96 acres (with at least 2
potential additional acres
of impact to construct
retention basins).

Safety

Alternative E serves as
baseline for comparing
other ROW options.

Potential increase in
vehicle accident rate
over 95 m (312 ft)
ROW.

Potential increase in
vehicle accident rate
over 95 m (312 ft) ROW.
Potential increase in
accident rate between
vehicles and trail users.

Water quality
impacts

Water quality treatment
within proposed ROW
(900 total ROW acres).

18.1 acres (detention)
(898.1 total ROW acres)
or more required for
stormwater treatment,
depending on treatment
method.

18.1 acres (retention)
(855 acres + 18.1 acres
= 873.1 total ROW
acres) or more required
for stormwater treatment,
depending on treatment
method.
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AASHTO
BMP
CWA
FEIS
FHWA

ft

GIS

Green Book

HSIS
km

m

mi
NCHRP
NEPA
ROD
ROW
SCDOT
STA
TSS
UDEQ
UDOT
USACE
VMT

American Association of State Highway and Transportation Officials

best management practice

Clean Water Act

Final Environmental Impact Statement
Federal Highway Administration

feet

Geographic Information System

A Policy on Geometric Design of Highways and Streets
(AASHTO 2001)

Highway Safety Information Systems
kilometers

meters

miles

National Cooperative Highway Research Program
National Environmental Policy Act

Record of Decision

right-of-way

South Carolina Department of Transportation
State Transportation Agency

Total Suspended Solids

Utah Department of Environmental Quality
Utah Department of Transportation

U.S. Army Corps of Engineers

vehicle-miles traveled
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Association of Median Width and
nghway Acc1dent Rates

MA'I'I'HEW W KNUIMAN FORREST M COUNCIL, AND

DONALD W REINFURT

Data for two statcs have been extracted from the nghway Safety
Information” System and used ‘o’ examiné the effect of median
width on the and severity of accidents. Log-linear models
for accident rates have ven used to describe the effect of median

width after adjusting f.'+ other, variables. Effects have been es-:

timated by the. quasi-i. +lihood technique assuming a negative-
_ . accident count per roadway sectiop.
Results for both statesiiadicate that total accident rates and rates

for specific types and severity decline rapidly when median width

exceeds about 25 ft (" § m). Policy guidelines for median widths -

are somewhat pebule s, partly due to the lack of large well-

- conducted studies prc  :ing quantitative information on this topic.
The results provide » sis for the development of more prec:se
guidelines regardmg -»han width.

Medians on dwxded kigliways provide a recovery area for out-
of-control vehicles. The median should be wide enough to
——allow an out-of-control vehicle sufficient space to recover
without crossing over the median into opposing traffic. In
addition, divided highways with wide medians provide a safety
zone at access points for turning vehicles and entering vehicles
wishing to-cross one or both directions of traffic. A variety
of median types are in use, with narrow medians sometimes
including barriers designed to positively prevent out-of-
control vehicles from crossing the median into opposing traffic.

It has been suggested that the median width should be at
least 60 ft (18.3 m) on rural highways and can be as low as

10 ft (3.1 m) on urban highways if median barriers-are pro-
vided (I), but little research has been conducted providing

quantitative measures of the effects of median width on the
frequency and severity of related accidents. Early studies
(2-5) were not able to establish definitive relationships be-
tween accident rates and median width; however, a subse-
quent study by Garner and Deen (6) has shown that- wider
medians bave iuwer acident raics: The Garper and Deen
study used 420 mi (676 km) of rural, four-lane, fully controlled
access road sections [speed limit 70 mph (113 kph)] in Ken-
tucky with median widths ranging from 20 to 60 ft (6.1 to 18.3
m) and involved a total of 2,448 accidents (1965-1968).
This paper examines the effect of median width on the
frequency and severity of accidents on homogeneous highway
sections with a traversable (nonbarrier) median. Highway sec-
tions with curbed medians or medians including barriers were

M. W. Knuiman, Department of Public Health, University of West-
emn Australia, M Block, QE II Medical Centre, Nedlands, Western
Australia 6009, Australia. F. M. Council and D. W. Reinfurt, High-
way Safety Research Center, University of North Carolina, CB3430,
134'4 East Franklin Street, Chapel Hill, N.C. 27599.
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also examined. However, there were msuffic:ent sections of
these types for meaningful statistical analysis. -

Data extracted from the nghway Safety Information Sys-
tam (HISIS) for the ctatac “of Ultah and- mmm: are ‘used. The
Utah data mvolve 982 sectlons of inghway fora total of 973.8
mi (1567.8 km) of roadway with 37,544 reported accidents

“aver the period 1987 through- 1990: The Tlinois data involve

2,481 sections of hxghway for a total'of 2,081.3 mi (3351 km)
of roadway and 55,706 accidents over the penod 1987 thr - ugh

- 1989. Road sections with median ‘widths ranging from zero
- (no median) to 110 ft (33.6 m) are examined.

ME'I'HODS
Data Base

HSIS ‘developed and maintained for the Federal Highway
Administration by the Highway Safety Research Center
(HSRC) at the University of North Carolina, includes an
accident data base, a road inventory data base, and a traffic
volume file for five states (Illinois, Utah, Michigan, Minne-
sota, and Maine). ‘All aecidents reported to the police are
included in the data base, and for each accident a variety of
details are recorded, including date and location of accident,
road and environmental conditions; accident. typé; and the
number and severity of injuries. The road inventory data base
contains the characteristics of homogeneous lnghway sections.

“The definition of hbomogenequs varies:to-some: dégreé from

state to state, but i in: new sectlon is mmated any

sections of highway Wwere:defined as contiguous segments for
which the following variables did not change: federal atd sys-

. tem, functional classxﬁcatxon, ‘Tural/urban. dwgnatlona pre-

dominant terrain type, average annual daily: -traffic volume
(both directions), one- Or:two-way operation, numbcrof lanes,
average through lane width, posted speed limit; access con-
trol, median width and type, left shoulder width, and nght
shoulder type.

The traffic volume file contains the average annixal da.lly -
traffic volume. Using route number and mile points, these
three files can be merged to obtain the number, rate, severity,
and type of accidents that have occurred on specific highway |
sections over a given period of time.

Extensive checking and preliminary investigation indicated
that the accident and roadway data for two of the five states
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(Utah and Illinois) were of adequate completeness and reli-
ability for an analysis investigating the effect of median width
on accident rates. The Utah and Illinois data were described
by Council and Hamilton (7) and Council and Williams (8),
* respectively. S

- Several roadway characteristics in addition to median width
affect the frequency, severity, and type of accidents. To isolate
‘the effect of median width, these other variables must be
controlled either by restricting the road sections to have par-
ticular characteristics or through statistical adjustment. In this
study both methods of control were used.

. The analyses have for the most part been restricted to two-
way, four-lane, rural and urban Interstate, freeway, and ma-
jor highway road sections of length exceedmg 0.07 mi (0.11
km), with posted speed limit at least- 35-mph (56 kph) and
with-median widths ranging from zero:(no medjan) to 110 ft
(33.6 m).- A section length of 0.07.mi (0.11 km) was chosen
as the minimum length for which reported accident locations
could be considered reliable £g g with the road in-
ventory data base.:Sections roads were eliminated
because many had missing datasand virtually all had no me-
dian. After these were climinated; there were very few sec-
tions with speed limit less than 35 mph (56 kph), so the re-
maining few were also eliminated. There were also a few
sections with median width ranging from 111 ft (33.9 m) to
999 ft (304.7 m), and these were eliminated because they were
possibly in error and would have a large influence on the
median width coefficients in a regression model. In addition,
the Utah apalysis was restricted to road sections with lane
width of 12 ft (3.7 m). There was no explicit lane width var-
iable for Illinois, and it could not be reliably calculated from

other variables; thus no such restriction was applied for

Ilinois.
... Median width is defined as the width of the portion of
divided highway separating the traveled ways for traffic in
opposite directions (and includes # inside shoulder). Other
variables considered in the statisti 2 1alyses were as follows:
functional classification (categon: as rural-Interstate/
freeway, rural-other major road, = t1-interstate/freeway,
urban-other major road), posted sy .d limit {35 to 40, 45 to
50, 55, and 65 mph (56 to 64, 72 t. 31, 89, and 105 kph)},
right shoulder width, access contro! (full, partial, none), cur-
vature (value 1 if curvature greater than 1 degree, 0 other-
wise), average daily traffic (averag number of vehicles per
day), and section length [in miles \ ‘ijometers)]. Access con-
trol data were not reliable for Ut:v (on the basis of infor-
mation fram ctate data nv?aﬂe\ and wara tha

sidered in the Utah analysis. Furthermore, 23 percent of the
Utah sections did not have speed limit recorded and thus an
additional category ‘““missing” was used for this variable. Cur-
vature was not considered in the Ilinois analysis because the
data were incomplete.

The Utah analysis was based on 982 sections of highway
for a total of 973.8 mi (1567.8 km) of roadway [average section
length-0.99 mi (1.6.km)], and the Hlinois analysis involved
2,481 sections of highway for a total of 2,081.3 mi (3350.9
km) of roadway [average section length 0.84 mi (1.35 km)].

For each Utah road section, the number of accidents over
the 4-year period 1987-1990 was obtained (giving a total of
37,544 accidents), whereas for Illinois the 3-year period 1987—
1989 was used (giving a total of 55,706 accidents). The 1990
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Illinois data did not yet exist in the HSIS files at the time of
this analysis. Each accident had a severity code representing
the most serious mjury in the accident (K = fatal, A =
incapacitating injury, B = nonincapacitating injury, C = pos-
sible injury, PDO = property damage only). The number of
total accidents and the number of each severity type were
determined for each section of road for use in total, A + K,
C + B + A + K (i.e., all injury), and PDO crash rates.
The accident data from both states also provided numerous
variables concerning the nature of the accident, including ac-
cident type, collision sequence (in Utah), and vehicle move-
ments preceding and during the accident sequence. An at-
tempt was made to define a smaller number of  accident
categories based on “potential ‘median involvement”—the
degree to which the presence and width of a’ ‘median might
potentially affect the crash rate."This. eategonzatwn was based
on the assumpuon that the basic goals of a médian are () to
separate opposing vehicles, (b) to. prowde a vehicle wnth a
safe clearzone’ thatcan betgsedto av ng in
the same direction, (c) 1o _provi
crossing vehlcles, and (d) to provxdc a safe clearzo reduce
the number of ran-off-road object xmpacts ‘In the resu.ltmg
categonzanon each accident was coded as a multivehicle col-
lision or  single-vehicle accident. In addition, head-on/
sideswipe opposite direction collisions and single-vehicle roll-
over crashes were identified. If an accident involved a se-
quence of two or more events (as could be ascertained in the
Utah data), collision with another vehicle took precedence

, over a single vehicle event, head-on/sideswipe opposite di-
Tection collision took precedence over other types of colli-

sions, and rollover took precedence over other single-vehicle
events. Counts of each of these types of crashes were made
for each roadway section for use in calculating the rates.

Statistical Methods

The accident rate per 100 million vehicle miles traveled for
an individual road section was calculated as

= (YIVM) = 10°

where

R = observed rate,
1 = vuserved numoer of accidents,
VM = vehicle miles of travel calculated as ADT « 365 »
TsL,
ADT = average daily traffic (vehicles per day),
= number of years over wlnch aoudents were counted,
and
L = section length (tm) (1 mi = 1.61 km).

Accident rates eorresponding to all accidents, serious injury
accidents (A or K), injury accidents (C, B, A, or K), PDO
accidents, multivehicle accidents, head-on or sideswipe- op-
posite direction accidents, single-vehicle accidents, and single-
vehicle rollover accidents have been analyzed using regression
models. The specific aims of the modeling process were to
obtain standard errors and confidence intervals for estimated
accident rates and to determine whether the observed reduc-
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tion in the crude accident rates for wider medians persisted
after adjusting for other roadway variables.

A log-linear regression model was used to simultaneously
assess the effects of median width and several other roadway
variables onthe accident rate. This model may be represented
algebralcally as; -

log()\) o + lex + BzXz ©+ BXi

where

A= eXPected value of R = E(R) = [E(Y)/VM] = 10° (log
~ denotes logarithm to base e), and
X, = indicator. .(dummy) variables for categorical roadway
characteristics (e.g., functional class) or actual values
for. quantitative roadway characteristics (e.g., right
shoulder width).

Note that cxp(ﬁ,) (i.e. e") represents the relahve effect of a
unit change in X, on thc accident rate. '

Log-linear models assume that the effect of variables on
the accident rate is multiplicative rather than additive as in
linear models. Estimated rates from log-linear models cannot
be negative. Log-linear models have been widely used in sta-
tistical analyses of count data [see McCullagh and Nelder (9)
and references therein] and have - cently been used in trans-
portation studies by Joshua and Garber (10) for truck accident
rates, Hauer and Persaud (1) for railway-crossing accident
rates, and Zegeer et al. (12) for highway accident rates. Ze-
geer et al. (12) considered both additive and multiplicative
(i.e., log-linear) models and concluded that the mu]up.bcatzve
models provided a better fit to the data.

To obtain .éstimates, standard errors, and conﬁdence in-
tervals, the negative-binomial variance function was assumed
for the accident count per section, that is, =

Var(Y) = E(Y) + K » [E(D)F

where K has the same value for all sections and Var(Y) and
E(Y) are the variance and expected value, respectively. The
classical distribution for accident counts is the Poisson distri-
bution for which the variance is equal to the mean. However,
variances in excess of the mean are often observed (13), partly
because not all relevant variables are included in the model.
The negative binomial distribution is a natural extension of
we rux&un, winch nCCG“Gﬁ:S £5r thic avoace ‘mnnhlllt\l and hag
certain desirable. theoreuml properties (14) The negatlve—
binomial distribution for accident counts has been used re-
cently by Hauer. and Persaud (11) and Hauer et al. (15), and
these authors have validated its use for transportation studies.

Maher (16) also used the negative binomial distribution to
explain traffic accident migration and states that “it has be-
come standard” to use this distribution. This assumption was
validated in our study by calculating the mean and variance
of Y (for total accidents) for homogeneous subgroups of road
sections and plotting the variance against the mean.

The beta coefficients in the regression model were esti-
mated by the method of quasi-likelihood, and the value of K
was estimated by the method of moments (9). Others have
used maximum likelihood estimation (11,15), but it has been
suggested that quasi-likelihood estimation for the beta coef-
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ficients and the method of moments for K is a more robust
estimation procedure (14) and therefore have been used here.
The estimation procedures were carried out using the statis-
tical package GLIM (17), and the GLIM macros (or proce-
dures) for fitting these models are given by Breslow (13): For

“Utah, the estimated value of K was about 0.6 and for Illinois

it was about 1.4, suggesting that accident rates for similar
sections of hightay are more variable in Illinois. This is most
likely due to greater variability in driver and environmental
conditions in Illinois than in Utah.

In the regression models, median width has been exammed
both as a categorical variable {six categories for- Utah and
eight categories for Illinois) and as a continuous variable in
the form of a quartic (fourth-degree) polynomial function
without a linear term, because this particular function closely
resembled the observed rates. When median width has a cat- /
egorical representation, no trend is a.sumed, whereas the
continuous representation adopted in this study assumes a |
quartic polynomial trend on the log scale for the accident 7
rates. As in all continuous forms of m »deling, the data are
“smoothed” by the assumed trend. By using both representa-
tions, comparison of the estimated rates (and confidence in-
tervals) for the categories allows a check on the appropriate-
ness of the form of the assumed trend in the continuous model.
In all cases the trends were consistent with a quartic poly-
nomial trend. For comparison purposes, in this paper results
for both forms of representation are reported.

The purpose of the analysis was to determine the effect of
median width on the accident rate after controlling or ad-
justing for other variables. Variables that have been ‘con-
trolled by design through restricting the analysis to particular
(homogeneous) sections were listed earlier. Variables in-
cluded in the regression models are functional classification
(rural-Interstate/freeway, - rural other, urban-Interstate/
freeway, urban other), posted speed limit, right shoulder width
(continuous), access control (none, partial, full—Iilinois only),
curvature (dichotomous as described above—Utah only), log
(average daily traffic) (continuous), and log (section length)
(continuous). Section length was included as a surrogate for
other variables not included that may be correlated with sec-
tion length. Because the sections were constructed to be ho-
mogeneous, shorter sections: occur where the roadway char-
acteristics are changing" morexapidly. - :

‘Many of the variables inclided in the regression model were
correlated with median width,/ and several combinations of
median width and other variables had very few or no sections.
For example, Interstate road sections had larger median widtns,
whereas other functional classes had smaller median widths,
although there was some overlap.: This made the fitting of
interactions between median width:and other. variables dif-
ficult. Where possible, such interactions were examined, but
no significant interactions were found. : Rl

The estimated effects of median width obtained ﬁ'om these
models (especially those with a categorical representation)
may be conservative, since when variables correlated with
median width are included in the models, they will absorb
some of the effect of median width. For example; if functional
class is omitted from the model, the effect of median width
increases and vice versa. Inclusion of such variables has been
done deliberately so that any median width effects detected
cannot be attributed to other confounding variables.
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RESULTS

Table 1 gives the characteristics of the road sections that have
been used in the accident rate analyses. Because there were
fewer sections in the Utah data, only six median width cat-
egories were used rather than eight as for Illinois. Note also

_ that there were very few sections in the Utah data with median

width in the range 30 to 54 ft (9.2 to 16.5 m) and very few
sections with functional classification as urban-Interstate/
freeway.

The crude average accident rates by median width for total
accidents and severity and collision types are given in Table
2. The total accident rate appears to decline steadily with
increasing median width. For Utah it declines from 650
for sections with no median to 111 accidents per 100 million
vehicle-mi (179 accidents per 100 million vehicle-km) traveled
for sections with median width at least 85 ft (25.9 m). Thus
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the crude total accident rate is reduced by a factor of about
6 over this range of median width. The decrease in the total
accident rate for Illinois declines by a factor of about 13.

Serious injury (i.e., AK), all injury (CBAK), and property-
damage-only accidents also show many-fold reductions over
this range of median width. The rate for multivehicle accidents
declines steadily with increasing median width, and head-on/
sideswipe opposite direction accidents in particular show a
dramatic decrease with increasing median width. On the con-
trary, the rates for single-vehicle accidents (Utah) and single-
vehicle rollover accidents in particular show little relationship
to median width. - :

The many-fold reductions observed in these accident rates
cannot all be attributed to the effect of median width because
of confounding by other variables. It is for this reason that
the models including these confounding. factors are devel-
oped. The relative effect of median width on the total accident

amber of Sectios (N), Number of Roadway Miles (Miles) with Various Characteristics for .

Utah Illinois
Category N . Miles Category N Miles
Overall 982 973.8 2481 2081.3
Median wWidth (ft)
o 176 68. o . 567 219.0
1-10 257 110. 1-24 199 67.0
11-29 213 114:7 25-34 176 89.4
30-54 52 ©76.8, 35-44 479 304.2
55-84 179 298.7 45-54 200 139.7
85-110 105 . 303.9 55-64 450 538.4
65-84 239 424.6
85-110 171 298.9
Punctional Class
rur_int 284 653.0 rur_int 846 i .8
rur_oth 130 73.5 rur-oth 343 .0
urb_int 64 43.9 urb_int 436 w9
urb_oth 504 203.3 urb _oth 856 3 .6
Spead Limit
35-40 183 61.6 35-40 370 128.8
45-50 118 44.7 45-50 348 174.1
55 148 101.8 55 889 “16.0
65 305 663.9 65 874 i w.4
missing 230 101.7
]
Right Shoulder Width (ft)
o} 315 119.2 0 401 155.0
1-5 121 62.3 1-5 65 25.6
6-10 495 768.5 6-10 1406 1223.0
11-23 51 23.9 11-23 609 677.6
Curvature > 1 Degree
no 756 605.6 NA
yes 226 368.2
Access Control
none NA NA 872 356.8
partial 435 216.9
full 1174 1507.6

NOTE: 1 mi. = 1.61 km, 1 ft. = 0.305 m
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rate after adjustment for other variables via the log-linear
regression model is also given in Table 2 and shown graphi-
cally in Figure 1. The estimate and standard error of the
coefficients for fitted log-linear models showing the contin-
uous effect of median width and the other independent var-
iables are presented in Table 3.

The continuous estimates given in Table 2 were obtained
by inserting the average median width for each category into
these equations. The interpretation of these relative effects
is that, when all the other variables are the same and the only

75

difference is the median width, the relative effect describes
the proportional reduction in the total accident rate. For ex-
ample, using the Illinois equation (continuous), the total ac-
cident rate for an average median width of 40 ft (12.2 m) is
about 76 percent of the rate for median width zero (no me-
dian), and for an average median width of 64 ft (19.5 m) (see
Table 3 for mean of interval) it is 62 percent. An estimate of
the safety benefit of increasing the median from 40 to 64 ft
(12.2 to 19.5 m) is obtained as (0.62 — 0.76)/0.76 = —0.18.
Therefore, one would expect an 18 percent reduction in the
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FIGURE 1 Estimated relative effects of median width on the total accident rate when
median width is represented both as a categorical variable and as a continuous variable,
adjusting for functional class, posted speed limit, right shoulder width, access control
(Illinois only), curvature (Utah only), log (ADT) and log (section length). Note: 1 ft =
0.305 m.
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TABLE 3 Fitted Log-Linear Regression Models for Total Accident Rate Showing Continuous Effect of Median
Width and Other Variables -

accident rate. On the other hand, if one reduced an exis'.ag
median of 64 ft (19.5 m) to a median of 40 ft (12.2 m), one
would expect a 23 percent increase in the total accident rate
[(0.76 — 0.62)/0.62 = 0.23].

Thus the decline in the crude total accident rates with in-
creasing median width given in Table 2 persists, albeit it to a
lesser degree, after adjustment for these other confounding
variables. Similar trends are shown for Utah and Illinois.
These results indicate that there is little reduction in the ac-
cident rate for median widths up to about 25 ft (7.6 m).
Whereas this lack of decrease is not as apparent in the smoothed
continuous models, the categorical estimates for the smaller
median widths are a little greater than 1.0 (indicating no dif-
ference from a median width of zero). The decline in accident
rate, particularly in the categorical model, is most apparent
for median widths beyond about 20 to 30 ft (6.1 to 9.2 m).
The decreasing trend seems to become level at median widths
of approximately 60 to 80 ft (18.3 to 24.4 m), particularly for
Illinois.

The estimated relative effects for serious injury, all injury,
and property-damage-only accident rates are given in Table
4. Logic suggests that the effect should be stronger for more
severe accidents because wider medians would reduce the
likelihood of collisions between vehicles traveling in opposite

directions, which tend to have serious injury consequences.
However, although the effect of median width on the accident
rate is slightly stronger for injury accidents (but not AK ac-
cidents) than for property-damage-only accidents for Utah,
the effect appears to be much the same for all severity classes
for Illinois.

The estimated relative effects (continuous model) for multi-
vehicle, single-vehicle, head-on/sideswipe opposite direction,
and single-vehicle rollover accident rates are shown in Fig-
ure 2. For Utah the etfect ot median width is very simiiar for
multivehicle and single-vehicle accidents, whereas for Illinois
the effect is larger for multivehicle accidents, as might be
expected intuitively.

More specifically, one might expect that median width would
have its most dramatic effect on head-on/sideswipe opposite
direction accidents. This is demonstrated clearly by the Illinois
data. However, for Utah, although median width appears to
have a dramatic effect on head-on/sideswipe opposite direc-
tion accidents after about 40 ft (12.2 m), the size of the effect
is somewhat similar to the effect for multivehicle accidents in
general.

Median width had little effect on single-vehicle rollover
accidents for Illinois but appeared to have a rather sizable
effect for Utah.

UTAH

Parameter Estimate Standard Error

Constant 6.196 0.2943 )
Median width? -5.589 x 10* | 3.549 x 10%

Median width’ 8.940 x 10¢ | 7.083 x 10°% ’
'Median width* -4.105 x 10* | 3.716 x 10% '
Rural other vs rural interstate ~1.078 0.2757

Urban interstate vs rural interstate | ~0.2911 0.1714

Urban other vs rural interstate ~0.5081 0.2782

Curvature > 1 degree 0.0456 0.0754

Right shoulder width ~0.0352 0.0082 '
Speed limit 45-50 vs 35-40 0.5187 0.1097

Speed limit S5 vs 35-40 0.4679 0.1149

Speed limit 65 vs 35-40 ~0.5417 0.2015

speed iimit missiuy vs 33-30 c.gs8L c.10412

Log (average daily traffic) ~0.1389 0.0448

Log (section length) ~0.1962 0.0308 !

Illinois

Parameter Estimate Standaxd Error

Constant 4.587 0.1655 |
Median width? ~2.622 x 10* | 2.397 x 10

Median width? 2.062 x 10% | 5.799 x 10% ]
Median width* 3.167 x 10% | 3.740 x 10°

Rural other vs rural interstate 0.4293 0.1308

Urban interstate vs rural interstate | -0.0566 0.0978

Urban other vs rural interstate 0.7921 0.1368

Access control partial vs none 0.3723 0.1298

Access control full vs none 0.4546 0.1280

Right shoulder width ~0.0460 0.0110

Speed limit 45-50 vs 35-40 0.5541 0.1140

Speed limit 55 vs 35-40 0.5121 0.0962

Speed limit 65 vs 35-40 ~0.5434 0.1000 '
Log (average daily traffic) ~0.2509 0.0495

Log (section length) -0.1232 0.0251 ;
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TABLE 4 Estimated Relative Effects of Median Width on Serious Accident Rates (AK), Injury
Accident Rates (CBAK), and Property-Damage-Only Accident Rates (PDO) [Uses Models in Which
Median s Represented Both as a Categorical (cat) and as a Continuous (cts) Variable, Adjusting for

Functional Class, Posted Speed Limit, Right Shoulder Width, Access Control (lllinois Only), Curvature

(Otah Only), Log (ADT), and Log (Section Length))

NOTE: 1 ft. = 0.305 m

The results for head-on/sideswipe opposite direction and
for rollover accidents should be interpreted with some cau-
tion, especially for Utah, because there were very few acci-
dents of these types. For Iilinois, 1,980 sections {out of a total
of 2,481) and, for Utah, 699 sections (out of a total of 982)
had no head-on/sideswipe opposite direction accidents, whereas
2,241 sections in Illinois and 907 sections in Utah had no
single-vehicle rollover accidents.

CONCLUSIONS

This investigation represents an attempt to define the rela-
tionship between median width and accident rate while con-
trolling for other confounding variables. Although there were
some studies in the prior literature relating to median width,
in general the literature on this subject is quite sparse. Thus,
there is little available information on an issne that is even
mOEE Ciitical ibday giveu ilic cuticui wovemeni ioward adding
lanes to multilane facilities to enhance capacity without pur-
chasing additional right-of-way. Thus, even with the caveats
stated below, this study is a beginning point in the develop-
ment of much needed information related to median width
and safety.

This study has the advantage of a more comprehensnve data
base than prior studies. In addition, the data used here are
more current than the data in the older studies, and we were
able to use data from two states rather than only one, which
allowed us to look at conmsistency of findings between the
states. Furthermore, there is greater mileage of four-lane di-
vided highway and thus miles of median in each of the study
states than had been the case in earlier studies, along with a
wider range of median widths.

77

AK CBAK PDO
Median )
width (Mean) cat cts cat cts cat cts
UTAH .
0 (0.0) 1.00 1.00 1.00 1.00 1.00 1.00
1-10  (9.4) 0.95 0.96 0.92 0.94 1.10 ~-0.97
11-29 (14.9) | 1.01 0.91 0.91 0.86 0.99 0.92
30-54 (46.3) 0.65 0.63 | 0.53 0.50--| 0.56 0.65
55-84 (71.7) 0.62 0.57 0.48 0.46 0.51 - 0.52
85~110 (101.0) 0.73 0.66 0.57 0.52 | 0.41  0.42
ILLINOIS _
' 0 (0.0) | 1.00 1.00 | 1.00 1.00 | 1.00 - 1.00
1-24 (12.8) 1.00 - 0.97 § 1.04- G.98 |-1.07 - ©.3%5
25-34 (29.8) 110 0.86 | 0.95 -5 0.89 '} -0.76% - 0.81 °
35-44  (39.7) 0.88 0.77 0.84 0.80 | 0.72 0.74
45-54 (49.2) | 0.84 0.68 0.97 0.72 | 1.04 0.69
55-64 (63.8) |[°0.60  0.57 0.60 0.61 | 0.63 0.64
o 65-84 (71.9) 0.68  0.54 0.67 0.8 | 0.63 0.64 .
"} 85-110 (88.9) 0.58 0.57 0.64 0.64 | 0.70 ..0.67

There are, however, some necessary caveats that must be
stated. First, in any study that attempts to control for con-
founding variables through statistical means rather than through
the design of the study (i.e., by actually assigning different
median widths to similar sections of the highways), the validity
of the results depends on how well the confounding variables
are identified and measured. Whereas we attempted to con-
trol for major confounding variables in the analyses conducted
here, there are clearly other variables that were either not
measured in our data base or not used in the final model
simply because of the need to limit the model to as few var-
iables as possible. These possible confounding variables in-
clude vertical grade, median slope, type of traffic (e.g., per-
cent heavy trucks), environmental factors, additional geometric
variables related to details of curvature or sideslope design,
and general exposure factors. Even with these caveats, the
results are important.

The general findings indicate that accident rates decrease
with increasing median width, even when other confounding
variables are controlled for.. Whereas the degree of improve-
ment due to median width ‘was not- ‘exactly the same in the
Utah data as'in the Ilhnms data, the same general trends were
observed in the two states. Second, it was also apparent that
there was very little decrease, if any, in the various accident
rates for medians less than appronmatcly 20 to 30 ft (6.1 to
9.2 m) in width in thé two states. Thus, in ‘terms of modifi-
cation of existing roadways, this ﬁndmg indicates ‘that de-
creasing any median width that is greater than 26to 30 ft (6.1
t0 9.2 m) to 30 ft (9.2 m) or less to enhance capacity would
probably be accompanied by a decrease in thé level of safety
on the roadway. [Unfortunately, we could not determine the
exact “‘breakpoint” where the safety effect ends; Whereas the
categorical data from both states indicated no safety effect
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FIGURE 2 Es' .1ated relative effects of median width on multivehicle accident rates,

single-vehicle ac.. Jent rates, head-on/sideswipe opposite direction accident rates, and

single-vohicls ~\\ var ascident ratec from madels i) - vhich medisn width is
represented as a continuous variable, adjusting for functional class, posted speed limit,
right shoulder width, access control (Illinois only), curvature (Utah oaly), log (ADT),

and log (section length). Note: 1 ft = 0.305 m.

for medians less than approximately 20 to 25 ft (6.1 to 7.6
m), there were not adequate numbers of 20-ft (6.1-m), 25-ft
(7.6-m), or 30-ft (9.2-m) medians to allow separate analyses
of these individual categories. ]

There were also differences noted from what might have
been traditionally hypothesized as the manner in which me-
dian width affects safety. For example, it might have been
hypothesized that median width would be primarily related
to decreases in “‘crossover accidents” involving head-on crashes

between opposing vehicles. As a result of reducing these
crossover accidents, changes in median width might have been
expected to have a much greater effect on severe crashes than
on less severe or property-damage-only crashes. We did not
find either to be the case. As noted above, whereas we found
significant changes in head-on crashes in both states, the changes
in head-on crashes were only a small part of the overall de-
crease in total multivehicle accidents in each state. In addition,
we did not find much difference in the effects of width on
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accident severity—the less severe crashes were affected as
much as the more severe.

However, these results are not as surprising as first thought
if viewed under the earlier-stated modified assumption of how
medians affect safety. If instead of just acting as a buffer
between vehicles that run off the road left toward each other,
it is assumed that a median may well be serving as an escape
area or clearzone for vehicles that are avoiding possible crashes
with vehicles in their own lanes, one would see decreases in
multivehicle crashes of all types (even rear-ends) and perhaps
increases (or no change) in single-vehicle accidents due to the
additional ‘“‘roadside” to run off into. This is indeed what we
found in the data—clear decreases in multivehicle crashes of
all types and lesser or no decreases in the single-vehicle ran-
off-road type crash.

Thus, in summary, it may be thit we need to view the
median differently, and this new view may affect median de-
sign. If the median is to “sell itself”” to the driver as.a safe
escape area, it must clearly be wide enough to give the mo-
torist the perception of safety. If the median is 5o narrow that
heavy oncoming traffic on the opposing roadway reduces the
perception of additional safety, it will not be used as much,
and accident reductions will decrease.

A major point of interest is how these findings agree with
design guidelines. provided in the AASHTO Policy on Geo-
metric Design (I). It is difficult to surnmarize AASHTO median-
width and barrier-need guidelines, since material is found in
a variety of sections of the Policy and because “‘hard” guide-
lines are not presented. This is due, of course, to the lack of
hard data on the issue.

The general guideline provided is that careful study is needed
of all locations. With respect to rural arterials, it appears that
the policy suggests that medians of 60 ft (18.3 m) or more
should be provided whenever feasible. In locations with re-
stricted right-of-way, medians of 30 ft (9.2 m) or more are
recommended. However, the additional information related
to median width at intersections on rural arterials confuses
the issue somewhat. Here, it is suggested that median widths
of 12 to 30 ft (3.7 to 9.2 m) function quite well in that they
provide room for turn lanes and, thus, protect turning vehi-
cles; that median widths of 30 to 50 ft (9.2 to 15.3 m) may
be suitable if detailed study of operational characteristics of
the traffic are conducted; but that medians of 50 to 80 ft (15.3
to 24.4 m) *“. . . have developed accident problems in some
cases. . .”” Thus, the designer is left with the impression that
wider medians should not be used in places where at-grade
uiicIscCituns alc prexcui.

With respect to urban freeways, the general guideline is
again to use medians that are as wide as possible. On four-
lane facilities in areas of restricted right-of-way, it is suggested
that 10-ft (3.1-m) medians are acceptable as long as a positive
barrier is used. For six-lane facilities, a minimum width of 22
to 26 ft (6.7 to 7.9 m) is acceptable, again as long as a barrier
is used. It is also interesting to note that a 50-ft (15.3-m)
median is shown as a typical (nonbarrier) median width in a
figure depicting a typical cross section with a median.

With respect to rural freeways, even less guidance is given.
It is noted that 50- to 90-ft (15.3- to 27.5-m) medians are
common. In sketches of typical cross section, a 50-ft (15.3-
m) median is shown. Itis further noted that in suburban areas,
restricted right-of-way may lead to medians in the range of
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10 to 30 ft (3.1 to 9.2 m) and that in these cases “‘median
barrier is usually warranted as a safety measure.”

Given the “softness” of the guidelines presented in the
AASHTO policy, it is difficult to say whether the findings of
this study support the design policy presented there. In this
study, we find evidence that medians that are 50 ft (15.3 m)
wide are indeed much safer than the no~med1an Or narrow
median condition. However, we also find that even wider
medians [up to 80 ft (24.4 m) or more] appear to. provide
even greater safety benefits. If one takes literally the ‘advice
provided by the AASHTO guidebook concerning the need
for barriers on either 10-ft (3.1-m) or 20- to 26-ft (6.1- to 7.9-
m) medians, one might assume that four-lane medums greater
than 15 ft (4.6 m) in width might be acceptable without bar-
riers. Our findings do not support this at all: lhdeed the data
here mdlcatc that one needs to ha ‘

port medians eonsxderably wider thkn. 30to 40 fr (9.2 t012. 2 m).

This same information can be used in a shghtly different
way to provide information to the designer who is looking at
the situation of potential lanes being added within the median.
The conclusion from these data would be that safety benefits
will indeed be lost by narrowing a median to any extent, and
that if the median is narrowed to a width of between 20 ft
(6.1 m) and 30 ft (5.2 m) (or less), essentially all of the safety
benefit of the median may be lost unless a positive barrier is
used. Unfortunately, because of the lack of barrier sections
in the data set, we could not analyze the question of the benefit
of placing positive barriers in the median.

In terms of needed additional research, it appears that these
data have provided new information with respect to width of
nonbarrier medians and the effects on safety—medians wider
than approximately 25 to 30 ft (7.6 to 9.2 m) have a significant
safety benefit, and the wider the median the better, up to
approximately 65 to 80 ft (19.8 to 24.4 m). However, the most
obvious remaining gap in knowledge is when to install positive
barriers. At what width do the benefits of reductions in severe
(cross-median) crashes outweijh the increase in less severe
crashes? To conduct such a sti. ly will require a large sample
of medians of various widths [: t least in the range of 0 to 50
ft (0 to 15.3 m)] with and witkout bamers—clearly a multi-
state study.
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DISCUSSION

SHAW-PIN MiAOU

Center for Transportation Analysis, Energy Division, Oak Ridge
National Laboratory, P.O. Box 2008, MS 6366, Building 550DA,
Oak Ridge, Tenn. 37831.

The authors examined the effect of median width on vehicle
accident rate for mu'tilane divided highway sections with a
traversable or nonbar .er median. Log-linear regression models
with a negative-binon jal variance function were used to study
the effect. The authous should be commended for addressing
a very important, yet difficult, problem. Overall, this is a well-
written paper that presents some interesting empirical results.
However, some Of the resuits seem {0 be quesiivuabic.

1. This study failed to separate paved inside shoulders from
the rest of the median. Paved inside shoulders are part of the
roadway immediately contiguous with the traveled way and
are important features of divided multilane highways. Failing
to consider “paved inside shoulder width” in this study posted
two potential problems: (a) the model results on the effect of
median width are difficult to interpret in a design context and
(b) it is entirely possible that the paved inside shoulder width
was associated with the accident rate, not the rest of median
width. To illustrate, let the paved inside shoulder width be
X, and the rest of median width be X,. In addition, let the
total median width be X (= X, + X,) and the number of
accidents be Y. Furthermore, assume that X, is correlated

RS
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with Y and X, is independent of Y. We can show that the
correlation coefficient of ¥ and X, denoted by p,,, does not
vanish and can be computed as p,, = Cov(X,, Y)/
[Var(Y)Var(X)]'".

2. (Table 1) Does “right shoulder width” include both the
width of paved and unpaved shoulders? It does not seem
reasonable to have road sections with a right shoulder width
of 23 ft. Two related questions are as follows: How many
road sections have a right shoulder width of 13 ft or more?
Were these road sections particularly influential in estimating
model coefficients?

3. (Table 2) Many rural Interstate road sections in the Utah
roadlog file were coded as having a median width of 99 ft,
which really meant that the road section’s median width was
equal to or greater than 99 ft. How did the authors handle
these road sections?

4, (Table 4) The actimated coefficiants for ADT having an
algebraic sign contrary to expectation. The estimated coef-
ficient for log(ADT) was —0.1389 in the Utah model and
—0.2509 in the Illinois model. Thus, both models indicated
that, for road sections of a particular functional class (and
speed limit and access control), as ADT increased, total ac-
cident rate decreased. This resuit is apparently not acceptable.
One possible reason for this to occur is that ADT alone did
not give a good description of the traffic condition. Variables
related to highway capacity, such as the number of lanes,
should be considered in the model. Another possible reason
is the collinearity problem to be discussed later.

5. (Table 4) The estimated regression coefficients for “‘me-
dian width” have very low r-statistics, indicating that the effect
of median width on accident rate was poorly determined from

"« the data. For the Utah madel, the t-statistics of the estimated
-coefficients for (median)® and (median)* were about 1.26 and

—1.10, respectively. For the Illinois model, -statistics of the
estimated coefficients for (median)?, (median)®, and (me-
dian)* were about —1.09, 0.36, and 0.08, respectivel>. These
low t-statistics were indications to the authors that th.  -ight
have “oversmoothed” or “overinterpreted” the date.  2re-
fore, the statements in this paper on the effect of 1 ‘an
width, such as that the decreasing trend seems to b .ne
level at median widths of approximately 60 to 80 ft, | ttic-
ularly for Illinois, are questionable. Why not just consi¢L. - the
first- and the second-order terms [1 e., (median) and (me-
dian)?]?

6. (Table 4) Some of the variables considered in the nodel
were extremely collinear (e.g., functional class, spee. Lmit,
4and 4ecess Conuol were highily voisciaiod with vuc ar - uéi).
This collinearity problem may have made the interpretation
of the fitted log-linear regression models difficuit and the
results questionable.

Some examples of Item 6 are as follows:

® Unreasonable speed limit effect?—If we use the fitted
models to shed some light on the effect of speed limit change
(from 55 to 65 mph) in 1987 on accident rates for rural In-
terstate highway sections, we would find that the models sug-
gested a 64 and a 65 percent reduction in total accident rate
for Utah and Illinois, respectively. These results cannot be
supported by any highway statistics. This is probably a result
of the distortion produced by the collinearitv of some of the
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covariates. The computation of these reductions can be car-
ried out as follows: Take Utah for example. Let the accident
rates of any rural Interstate road section before and after the
speed limit change be Xs5 and A, respectively. Provided that
everything else was the same, the fitted model suggested that
the ratio of these two accident rates would be Ag/hss =
exp(—0.5417)/exp(0.4679) = exp(—1.0096) = 36 percent.
Therefore, according to the model, the drop in accident rate
on a rural Interstate section as a result of the speed limit
change would have been 64 percent.

® Unexpected signs in coefficients for functional class
variables?—For Utah, the estimated coefficients for func-
tional class variables (i.e., “rural other versus rural Inter-
state,” “urban Interstate versus rural Interstate,” and ‘‘urban
other versus rural Interstate”) were negative (i.e., —1.078,
—0.2911, and —0.5081, respectively). The negative sign also
appeared in the Illinois model for “urban other versus rural
Interstate.” If we disregard other variables and focus on func-
tional class variables alone, the Utah model suggests that rural

other highways, urban Intcrstates, and urban other highways---

had a lower total aoadent rate than that of rural Interstates,
which was contrary to what one would usually expect. But
because functional class, speed limit, and ADT are highly
correlated with one another, it may not be appropriate to
examine functional class variables alone. The authors should
make this clear in the paper.

Now, consider two hypothetical road sections in Utah: one
rural and one urban Interstate section. Assume that these two

road sections have the same geometric design characteristics,

section length, and speed limit. Furthermore, assume that the

rural and urban road sections have an ADT of 5,000 and "

50,000 vehicles, respectively. Then, according to the model,
the ratio of the accident rate between these two road sections
i Nurvan/ A = €xp{—0.2911 — 0.1389 x [log.(50,000) —
log(5,000)]} = exp(—0.611) = 54 percent. That is, the total
accident rate of the urban road section is 46 percent lower
than that of the rural road section. It is arguable that this
ratio does not seem to be reasonable. More information will
be needed for the readers to make a better judgment on this.
For example, the authors may want to (a) cross-classify the
number of road sections by functional class, speed limit, access
control, and ADT in Table 1 and (b) tabulate the accident
rate by functional class, speed limit, access control, and ADT.

e Unexpected signs in coefficients for ‘“access control” var-
iables?—For Illinois, the estimated coefficients for ‘“access
control partial versus none” and “‘access control full versus
none”” were ) 3773 and (1 454K resnectively This imnlies that
for any road section, the tighter the access control we apply
to it, everything else being the same, the higher the accident
rate would be, which is unreasonable. Again, to make a better
judgment on the reasonableness of this result, functional class,
speed limit, access control, and ADT will have to be consid-
ered simultaneously. Therefore, more detailed information,
such as that mentioned above, will be required.

AUTHORS’ CLOSURE

We very much appreciate the interest of the discussant and
quite a2 number of other reviewers of our paper examining
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the relationship of median width and highway accident rates.
Obviously this is a subject area of considerable interest.

The first issue raised by the discussant was that “it is entirely
possible that the paved inside shoulder width was associated
with the accident rate, not the rest of median width.” As
pointed out, we did not separate the inside shoulder width
from the remainder of the median width in the analyses, pri-
marily because of the difficulty of determining where the
median/shoulder “‘begins” for unpaved shoulders (approxi-
mately 43 percent of the data). Although it is an interesting
hypothesis, we continue to believe that the effect seen is from
the total median width rather than just the paved shoulders.
Unfortunately, we are not able to reanalyze the data at this
time.

After the question was raised, we reexamined the available
Illinois roadlog file. (Utah data were unavailable at tlus time.)
In the first place, as noted above, nearly half of the sections
in the study file (43 percent) were not paved (i.e., earth, sod,
aggregate, surface treated, orno shoulder) Of those that were
paved, virtually all were 8 ft (2.5 m) or less and most often
(54 percent of the time) were found on roads with median
widths of 64 ft (19.6 m) or greater. Less than 10 percent of
the sections with paved inside shoulders had median widths
of less than 40 ft (12.3 m), where we also saw significant effects
of total width.

In short, we find it hard to imagine in this case that paved
inside shoulders could account for the effects found in the
analysis. However, it is an interesting hypothesis that could
be explored further.

With regard to the question about right shoulder widths,
only 3 of 982 Utah sections had right shoulder widths ex-

- ceeding 15 ft (4.6 m) and none of 1,481 Illinois sections had

right shoulder widths exceeding 13 ft (4.0 m).

With regard to the comment that “the estimated coefficients
for ADT have an algebraic sign contrary to expectation,” we
do not see why the result that sections of freeways with higher
ADTs have lower accident rates is not acceptable. Whereas
lower accident frequencies would not be expected, lower ac-
cident rates may be. Is it not conceivable that sections with
a higher ADT may have slower traffic speeds due to conges-
tion, for example? It should be noted that the number of lanes
is the same for all sections in this analysis, meaning higher
ADT sections are more congested by definition.

The discussant notes that “the estimated regression coef-
ficients for ‘median width’ have very low t-statistics, indicating
that the effect of median width on accident rate was poorly

determined fraom the data >’ Tha individual # ctotictios for the
GSUSS O WGl

median width terms are not especially relevant to whether
median width has an effect. Overall, the effect of median
width is significant. However, we agree that we could be more
sure of the shape of the trend if the individual coefficients
were significant as well. Note that median width was examined
in greater detail (i.e., quadratic, cubic, and quartic functions)
than other variables because it was the primary variable under
investigation in this study.

Finally, the problem of collinearity is discussed in the sec-
tion on statistical methods starting with <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>